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FOREWORD 
LYLE F . WArrs 
Chief, Forest ernice, United tales Department of Agriculture 
When a real leader in the profession retires from active duty, it is 
customary for the lesser lights to claim, "I knew him when." It is in that 
mood that I write this foreword. 
I was one of the fortunate few who were studying forestry at Ames 
in 1910 when Professor Mac first took charge of forestry education at 
Iowa State College. We of that group found, as have the hundreds who 
have followed in forestry at Ames, that the new professor was a rare 
person. He was a splendid teacher with sound technical background and 
the ability to pass it on to others. But beyond that he had that exceptional 
talent to inspire his students to do good work, to live clean-in short, to 
be good citizens first of all. 
Just as he influenced the lives of his students, so has he influenced 
the life of his adopted State. One has only to review the history of 
conservation in Iowa for the past forty years to realize that in large 
measure it mirrors the career of Professor MacDonald. It has been given 
to few foresters to lead his State in constructive progress for so long a 
period. 
We forestry alumni of Iowa State College kn'.)W that retirement 
as head of the Forestry Department will not interrupt the great work that 
Professor MacDonald has been doing. We expect that it simply means 
relief from details to permit an even greater contribution to the ccnser-
vation movement in Iowa and in the Natio,n. 
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PROFESSOR G. B. MAcDONALD 
RUSSELL E. GETTY, GEORGE B. HARTMAN, AND J. A. LARSEN 
Department of Forestry, Iowa State College 
Gilmour Byers MacDonald was born March 9, 1883, at Carleton, 
Nebraska. His father, a Scotchman, was a Presbyterian minister. His 
mother descended from a family named Piercy of English and Scotch 
ancestry. He had six brothers, three of whom are living. They are 
Kenneth, a missionary in the Philippine Islands, Rosmond who has a 
pulpit in Boston, and George of Pasadena, California. In the course of 
changing pastorates held by the father, the family moved to Hubbel, 
Hopewell, and Unandilla, Nebraska. 
When Gilmour was in the fourth grade, the MacDonald family 
moved to Lincoln, Nebraska. At high school there, he became interested 
in athletics, especially track and football. This interest followed him 
through both high school and college. His football position was usually 
that of quarterback. In track, he was a pole vaulter and in this event he 
took first place at a dual track meet in Ames in 1906. During an interim 
of two years while attending the University of Nebraska, he worked 
in a fruit orchard and at retail merchandising in California. Upon his 
return to the University of Nebraska in 1904, he chose forestry as his 
life work and studied to that end. Entrance into the forestry field had 
been encouraged by Dr. G. E. Condra of the University. Gilmour grad-
uated in 1907 with a B.S. degree in forestry. He earned a Master of 
Forestry degree at Nebraska in 1914. 
It was while engaged at Halsey, Nebraska, the summer of 1905, that 
he first came in contact with forest nursery operations. This was 
evidently to his liking, for when upon graduation in 1907 he entered the 
United States Forest Service, much of his time was devoted to reforesta-
tion activities. On the Medicine Bow National Forest in Wyoming, he 
supervised the collection of three thousand bushels of pine cones. During 
the winter of 1907-08, while on detail in Washington, D. C., he prepared 
planting plans, among other activities. In 1908, he was given the assign-
ment of starting the Pocatello Forest Nursery, and in 1910 he was in 
charge of the Boulder Forest Nursery, in Montana. 
In 1910, he was married at Lincoln, Nebraska, to Edith Craig. Their 
children are two sons and two daughters. Captain Gilmour Craig Mac-
Donald of the United States Army is now on the staff of the Ballistics 
Laboratory. He resides with his wife and two children at Cumberland, 
Maryland. Dr. Donald Craig MacDonald is associated with the United 
States Rubber Company at Passaic, New Jersey. He, his wife, and one 
child live in Ridgewood in the same state. Mary Janet, wife of Zac 
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Dunlap of the Dunlap Motor Company, lives in Ames, Iowa, Ruth 
Eloise, whose husband Robert Lamoreaux is employed by the Cater-
pillar Tractor Company, lives in Peoria, Illinois. All four children 
attended Iowa State College. 
When Gilmour MacDonald returned to Lincoln from the West, he 
met an old friend, C. A. Scott, who was at that time teaching forestry at 
Iowa State College. Since Scott had accepted a position as State Forester 
of Kansas, he urged Gilmour to take over his teaching at Ames, at least 
temporarily. Prof. S. A. Beach, vice dean of Agriculture and head of 
the Department of Horticulture, was very favorably impressed with the 
young forester and his wife and offered a permanent position on the 
staff. 
From the very beginning of his teaching career, Professor Mac-
Donald realized the future possibilities in forestry for Iowa and the 
nation, and early concluded that one teacher in this line would never 
meet the need for expansion. That he correctly sensed the opportunities 
is well attested by the fact that at present the Iowa State College Depart-
ment of Forestry, which he has so faithfully and efficiently headed, has 
now nine teachers and more than three hundred students. During the 
years he has consistently labored to improve instruction in forestry at 
Iowa State College until it now ranks among the foremost in the nation. 
In the intervening years he has also given active and constructive support 
to the organization and functioning of the Iowa Conservation Commis-
sion. He has held the office of State Forester for Iowa since 1935. He was 
the leader in the state's Civilian Conservation Corps program, and took 
the initiative in the establishment of the Iowa Forest Nursery; was a 
member of the Iowa State Planning Board and a leading contributor to 
the plans dealing with forestry and soil conservation embodied in the 
Iowa Twenty-Year Plan. 
A devoted churchman, he holds several important offices and has 
been honored by a life position of elder of his church. He has been a 
city councilman of Ames for many years, a Rotarian, and Boy Scout 
leader of note. He is the recipient of the honorary Boy Scout Beaver 
Award. 
For several years, he was a member of the Executive Council of 
the Society of American Foresters, which organization recently honored 
him by election to the grade of Fellow. In 1947, as fitting recognition for 
a life devoted to teaching and public service and in appreciation of his 
esteemed personal qualities, inspired leadership, and notable accomplish-
ments, his Alma Mater, the University of Nebraska, conferred on him 
the degree of Doctor of Agriculture. Then in the spring of 1948, he was 
honored by being named by the Secretary of Agriculture to a newly-
created 3-man National Forests Board of Review. 
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SURVIVAL AND GROWTH OF VARIOUS GRADES 
OF SHORTLEAF PINE PLANTING STOCK 
A. G. CHAPMAN 
Division of Forest Management Research, Central States Forest Experiment Station, 
Columbus, Ohio 
The quality of planting stock is one of the chief factors to be 
considered in forest planting work. Strong planting stock grows more 
rapidly and vigorously than weak, and is better able to survive 
vegetational competition and endure late summer drouths. Since fewer 
high-grade seedlings or transplants are needed per acre to secure an 
adequate stocking, effective planting costs are less when high-grade 
stock is used than when ungraded or low-grade stock is used. For these 
reasons planting stock grades should be defined and tested in field 
plantings, from which their value can be determined. 
Planting stock grades should be based on ability to grow under 
field conditions. Initially at least, separate grades should be recognized 
for species. If, upon investigation, certain species have similar survival 
and growth habits in plantations, they can be combined for grading 
purposes. Within a species group the different grades should show 
different survival and growth rates, depending upon the vigor of the 
individual. Grades must be based upon characteristics that are 
significant, easily identified, and economically suited to nursery grading 
and field planting. 
STOCK GRADES AND METHODS OF TESTING 
During the three-year period from 1939 to 1941, one system of 
stock-grading was tested with 1-0 shortleaf pine planting stock. This 
stock, obtained from Forest Service nurseries in Missouri, Indiana, and 
Arkansas, was graded on the basis of length of stem above the root 
collar, and diameter of stem one inch above the root collar. Survival and 
growth of the seedlings were tested in spring plantings on poorer-than-
average old-field sites on the Ozark, Clark, Hoosier, and Wayne National 
Forests. The chief purpose of this field testing was to determine any 
differences in survival and height growth on the part of seedlings of 
various heights and stem calipers. If significant differences were found 
to exist, seedling height and stem caliper might serve as a basis by which 
nurserymen could grade their stock to insure better field performance. 
Seedling height classes were established in multiples of three or 
four inches, depending upon the range of seedling heights in the lot of 
nursery-run stock under study. That is, if seedlings in a nursery did 
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not exceed 10-inch heights in sufficient numbers to provide test stock, 
two 3-inch height classes, 4-7 and 7-10, were used. If 12-inch and taller 
stock were available, two 4-inch classes, 4-8 and 8-12, were used. The 
mean seedling height within each class was near the middle, except in 
the tallest height class, where the mean was somewhat below the 
midpoint. 
Seedling caliper classes were established in twentieth-inch units. 
The 2/ 20-inch class, for example, contained trees having diameters from 
1.5/ 20 to 2.5/ 20 inch. Within each height class, as many caliper classes 
were established as the caliper range of the stock permitted. • 
For the purpose of this study a stock grade includes seedlings 
within a given height and stem-caliper class. No seedling less than 4 
inches high or having a stem less than 1.5/ 20 inch in diameter was 
included in any grade. These selected limits stay well below the smallest 
seedlings acceptable for field planting. All seedlings with poor or broken 
roots were culled. 
It was recognized that quality of root system, degree of lignification 
of stem, and other factors influence survival and early growth of field-
planted stock. These characteristics are too difficult to measure and 
describe to be of much practical value in stock grading. Although not 
specifically used to establish grades, neither quality of the root system 
nor stem lignification was completely ignored in the system of grading 
and culling used in this study. It is well known that sturdy, high-caliper 
seedlings are more likely to have better lignified sterns, better developed 
roots and tops, and greater food reserves than tall slender ones. Better 
developed root systems, too, are associated with the sturdy seedlings. 
Seedlings with damaged roots, with roots le13s than 8 inches, or with 
long "rat-tail-like" roots without laterals were automatically culled in 
accordance with established practices of the nurseries involved. Roots 
longer than eight inches were pruned to this length before planting. 
Ideally, all recognized grades of stock should have been tested each 
year for each nursery. This was not possible because of differences in 
quality of stock caused by variations in nursery soil, growing season, and 
other conditions affecting growth. Most of the grades were produced in 
all nurseries and tested in all four states.1 
Another phase of the study included the analysis of the nursery-run 
of the stock at the three nurseries, during two years at two of them, to 
determine the proportions of the stock falling into each of the grades 
being studied. 
RESULTS AND DISCUSSION 
Experimental results are summarized in Tables 1, 2, and 3. Table 1 
shows survival percentage and height growth in feet in relation to (1) 
stock grades, (2) height class alone, (3) caliper class alone, and ( 4) 
1 Tests of relative values of stock grades from each nursery were made each year 
in Latin Squares but did not include tests of differences among nurseries, among 
sites, or among parts of the region. The Latin Square is a convenient, effective 
design, particularly adapted to testing differences in nursery stock in field plantings. 
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height-caliper ratio. Of primary importance in field planting is the 
establishment of the stand, and this, first of all, depends upon survival. 
Therefore, in grading the stock, in this study, more emphasis was placed 
upon survival than upon height growth. Superior height increment for 
any stock grade is practically significant only when that superiority, 
during the first few years, (1) better adapts the seedling for survival in 
competing vegetation, (2) leads to earlier dominance, (3) results in 
TABLE I 
AVERAGE URV JVAL A 0 HEIGHT I NCREMENT OF SHORTLE AF P11 E PLANTl:-IG STOCK OF VARYING 




Plot Year of Height- vi val I Best JO N um - Establishment Height Caliper Caliper in All Per Cent 
her and State Class Class Ratio 1944 Trees of Trees 




centage) (feet) (feet) 
I 19H-Ohio ........ 4- 8 2/ 20 60 64.6 3.6 5.6 
8-12 2/ 20 100 70.2 2.8 5.3 
'4- 8 3/20 27 72.9 3.7 6.2 
8-12 3/ 20 44 74.3 3.6 6.3 
I 
2 1939-I ndiana ..... 4- 7 2/20 45 80.2 6.4 8.7 
4- 7 3/ 20 20 83.6 6.7 9.6 
7- 10 2/ 20 75 91.7 6.9 9.5 
4- 7 4/20 11 94.5 7.8 10.0 
7-10 3/ 20 33 95.l 7.5 9.8 
7-10 4/ 20 19 98.2 8.1 10.8 
3 1939-Missou ri .... 8-12 2/ 20 100 42.5 5.1 7.3 
4- 8 2/ 20 60 49.9 5.1 7 .1 
4- 8 3/ 20 27 54.3 5.1 7.5 
-1- 8 4/ 20 15 68.0 5.7 8.0 
8-12 3/ 20 44 70.0 5.5 8.4 
8-12 4/ 20 25 77.8 5.6 8.4 
4 1940-Missouri ... . 4- 7 2/20 50 70.5 3.3 4.8 
7- 10 2/ 20 85 85 .6 3.8 5.7 
4- 7 3/ 20 24 86.9 4.1 5.9 
7- 10 3/ 20 38 93.5 4.3 6.3 
5 194 I-Missouri .... 8-12 2/ 20 100 57.0 1.6 3.4 
4- 8 2/ 20 60 58.2 J.9 3.4 
8-12 3/ 20 44 61.0 1.9 3.9 
4- 8 3/ 20 27 69.7 2.2 4.0 
8- 1.2 4/ 20 25 76.2 2.3 4.4 
4- 8 4/ 20 15 88.0 2.6 4.5 
6 1941-Arka nsas .... 4- 7 2/ 20 50 79.2 2. 1 4.9 
10- 13 3/ 20 51 80.6 2.1 4.7 
7- 10 2/ 20 85 81.9 2.2 4.8 
7- 1.0 4/ 20 21 82.6 2.8 4.4 
4- 7 3/ 20 24 83.3 2.6 4.7 
10-13 5/ 20 18 87.5 2.8 4.7 
7- 10 3/ 20 38 88.2 2.6 4.8 
10- 13 4/ 20 29 88.2 2.7 4.6 
4- 7 4/ 20 14 95.8 2.9 4.9 
• From date of planting through 1944. 
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earlier production of salable thinnings, or ( 4) accounts for greater 
volume in the final crop trees. Differences in early height growth that are 
too slight to affect ultimate stand development may have statistical 
significance, but are not sufficient alone for justifying grading. 
CALIPER AND HEIGHT CLASSES RELATED TO SURVIVAL AND GROWTH 
In Table 1, the stock grades, made up of height and caliper classes, 
are arranged within each experimental planting in ascending order of 
survival percentages (Column 6). It is noteworthy that the data, so 
arranged, show that height increment tends to parallel survival rate. 
Evidently, grades of stock which show a high survival also make better-
than-average height growth. This similarity of response strengthens the 
validity of the grading system as a means of predicting field performance 
of planting stock. 
Certain inconsistencies appear in the data. Statistical analysis 
indicates that the relationship between stem caliper and survival and 
between stem caliper and height increment are, in all cases, statistically 
as well as practically significant. Seedlings in the lowest caliper class, 
the 2/ 20-inch, showed the poorest survival in practically all cases. Stem 
height, on the other hand, does not appear to be so closely associated 
with either survival or height increment. Only in Plots 2 and 3 was there 
a significant positive correlation between these variables. Plot 5 shows 
inverse relationships between seedling height and survival and between 
seedling height and height increment. Lack of more consistent relation-
ships between height and survival and between height and height in-
crement might be explained by the relatively low ground cover on the 
planting sites used in this study. In higher covers, which overtop the 
shorter but not the taller seedlings, field examinations show that the 
taller seedlings have the advantage in both survival and height increment. 
The present study shows that stem diameter is a relatively good 
indicator of survival and height increment, but that seedling height alone 
is a questionable criterion to use in grading 1-0 shortleaf pine seedlings 
for field planting on sites of low ground cover. 
HEIGHT-CALIPER RATIOS RELATED TO SURVIVAL AND GROWTH 
Although not foolproof, the height-caliper ratio is a useful indicator 
of seedling sturdiness. In general, tall spindling seedlings having a high 
height-caliper ratio are less likely to survive and make satisfactory 
growth than sturdy seedlings of lower ratio. The 8- to 12-inch height, 
2/ 20-inch caliper stock used on Plot 5 is an example of poor planting 
stock. On this particular plot height-caliper ratios decrease consistently 
with increasing survival and height growth. On the other plots lower 
ratios are generally, although not always, associated with better survival 
percentages and height growth. This is not always so, however, because 
seedlings may be too small or too large for field planting. In Plot 2 the 
stock having the poorest survival and height growth had a relatively 
low, usually favorable ratio of 45. The stock was too small for better 
r esults. Again, in Plot 6 the 10- to 13-inch, 5/ 20-inch stock had an 
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extremely low ratio and an acceptable survival. This stock was too large 
for high-quality planting with the mattock. Accordingly, if ratio alone 
is used, a range of seedling calipers and top lengths should be specified. 
In actual practice a simple range of top lengths for a given caliper or 
range of calipers is preferable. These two measurements can be quickly 
made at the nursery. In combination they are another way of expressing 
ratio without calculating it. 
Since seedling height, caliper, and height-caliper ratios are signifi-
cantly correlated with survival and height increment of planted seed-
lings, thes~ characteristics can be used as a basis of grading nursery 
stock. In establishing usable grades, the minimum and maximum 
acceptable seedling qualities must be defined, and the intervening range 
subdivided into grades. 
Study of the data in Table 1 indicates that planting stock should 
caliper at least 3/ 20-inch. Since few seedlings less than seven inches 
in height have a caliper as great as 3/ 20-inch, it is believed that 6- to 
7-inch minimum height should be set. The maximum limits of caliper and 
top length are not so well defined, but seedlings with tops longer than 
12 inches and with calipers greater than 4/ 20-inch do not appear to have 
any advantage in either survival or growth rate. Furthermore, when 
stock is larger than this, slower methods of planting must be used. 
Seedlings having calipers of 5/ 20-inch and larger are often short-
stemmed and stocky. Ordinarily they can be planted successfully unless 
they have massive, bunchy, fibrous root systems that are difficult to 
plant in good contact with the soil. In dry years the mortality of this 
kind of seedling is frequently high. Stock grades, therefore, for general 
field planting should include only seedlings with calipers between 3/ 20 
and 5/ 20-inch and top lengths of 6 to 12 inches. In observing these tops, 
the lower caliper of the range should be kept associated with the shorter 
tops, and the greater calipers with the taller tops. By this procedure spindly 
seedlings with high top-caliper ratios can be avoided. The degree to 
which grades of planting stock should be still further refined will depend 
upon cost of sorting and the increase in survival and growth of seedlings. 
The administrator of each forest area and the nurseryman supplying its 
planting stock will have to determine if further refinements are justified. 
As previously pointed out, seedling height growth is directly cor-
related with survival rate. Statistically the relation is significant for 
most plots, but practically it is too soon to evaluate fully the differences 
in growth response. However, stock with higher growth rates appear to 
have certain advantages. It is better able to survive in competition with 
vegetation and to endure late summer drouths. For these reasons alone, 
greater attention to grades is warranted. Whether trees from the faster-
growing grades will reach merchantability sooner, and be of higher 
quality than those from the poorer grades is uncertain; but after seven 
years, grade differences are still apparent. 
On the assumption that 10 per cent of the planted trees are likely to 
remain as crop trees, the average growth of the tallest 10 per cent of 
the seedlings was determined for each grade in each of the plots. These 
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data are given in Table 1, Column 8. In Plot 6, no significant relationship 
between height growth and grade of planting stock is apparent. In the 
other five plots a definite relationship is seen. It is questionable whether 
in Plot 2 the difference of 2-3 feet in height in five years between the 
best 10 per cent and the average for all trees is important enough to 
serve as the basis for any conclusion. 
The use of premium grade seedlings to establish a planted stand of 
more uniformly growing trees has been questioned. One argument in 
favor of planting nursery-run stock rather than graded seedlings is that 
more pronounced differentiation of crowns will develop. Such 
differences in growth will insure a sufficient number of final crop trees 
which will assume early dominance, and thereby necessitate less cultural 
work than if superior stock were planted; in other words, natural 
thinning is more likely to occur. On the other hand, the planting of 
TABLE 2 
PROPORTION OF FIV E LOTS OF 1- 0 SHORTLEAF PINE SEEDLINGS FALLING IN THE SEVERAL 
HElGllT-CALIPER CLASSES 
I Caliper Class 
ur- Seedling Height 1/ 20- 2/ 20- 3/ 20- I 4/ 20- I 5/ 20-1 sery Year Density Class Inch Inch Inch Inch Inch Total 
(number 
per 
sq . ft .) (inches) % % % % % % 
A .. .. 1940 40 0- 4 22.2 17.3 0.0 0.0 0.0 39.5 
4- 8 4.8 28 .3 11.8 .4 .0 45.3 
8-12 .2 5.6 9.0 .4 .0 15.2 
12 plus .0 .0 .0 .0 .0 .0 
Total 27.2 51.2 20.8 .8 .0 I 100.0 
A .... 1939 35 0- 4 12.2 9.7 0.0 0.0 0.0 21.9 
4- 7 6.7 47.7 13.1 1.3 .0 68.8 
7-10 .0 2.1 3.2 l.4 .0 6.7 
JO plus .0 .0 .6 2.0 .0 2.6 
Total 1 .9 59.5 16.9 
111 
~I~ 
B .. . . 1940 30 0- 4 24.5 11.2 0.0 0.0 35.7 
4- 7 4.2 43.5 6.5 .0 54.2 
7- IO .0 6.0 4.1 .0 IO.I 
10 plus .0 .0 .0 .0 .0 
-
Total 28.7 60.7 10.6 .0 .0 I 100.0 
C .. .. 1941 18 0- 4 9.5 7.2 0.0 0.0 0.0 16.7 
4- 7 4.2 21.7 10.3 3.6 .0 39.8 
7-10 .0 4.6 24.l 9.5 .5 38.7 
JO plus .o .0 .3 2.4 2.1 4.8 
- I I I Total 13.7 33.5 34.7 15.5 2.6 100.0 
C .. .. 1940 55 0- 4 16.0 6.2 0.0 ~ o.o 22.2 4- 8 3.5 .J.9.4 7.2 .0 60.1 
8-12 .0 5.4 8.6 .0 17.3 
12 plus .o .0 .0 .4 .4 
Total 19.5 61.0 15.8 I 3.3 1- -4-IJOo:O 
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graded seedl~ngs requires fewer trees per acre to insure an early market-
ing of thinnings and a prompt start on liquidation of the capital 
investment. 
STOCK GRADES IN NURSERY PRODUCTION 
Table 2 shows for three different nurseries the distribution of 
seedling stock among the stem-height and caliper classes previously 
discussed. A.lthough all lots of stock represented were from the same 
nurseries as those used in the field grade tests, they do not fully 
correspond in years of production. Table 3 groups the percentages shown 
in Table 2 into three stock grades defined as follows: (1) cull stock, made 
up of seedlings less than four inches high or less than 2/ 20-inch in 
caliper; (2) minimum acceptable stock, made up of seedlings having a 
height of four inches or more and a caliper of 2/ 20-inch; and (3) 
premium stock having a height of four inches or more and a caliper of 
3/ 20-inch or more. 
Most planters consider cull stock to be unsuited for field use. The 
minimum acceptable stock did not show up very well in field tests 
(Table 1) and is the minimum quality recommended for adverse planting 
sites. Premium stock is, of course, the cream of nursery production and 
capable of good field performance on any planting site in this region. 
Table 3 shows that in the nurseries tested 22 per cent of the stock 
fell in the "premium class," 43 per cent in the "minimum acceptable" 
class, and 35 per cent in the "cull class." Until further refinements are 
made in nursery production methods or until cost of producing nursery 
stock is reduced, these three broad grades of stock may be all that can 
be justified. 
The small proportion of premium stock is somewhat discouraging. 
Four of the five individual lots showed only about one-fifth of the 
seedlings classed as premium. In one case the proportion was as low as 
TABLE 3 
P ROPORTION OF f il' E L OTS OF 1-0 S HORTLEAF PI NE SEEDLINGS F ALLING I NTO T HREE BROAD 
STOCK G RADES 
Broad Stock Grade 
Minimum 
Seedl ing Cull Acceptable Premium 
Nursery Year Density Stock Stock Stock 
(Number (Percen tage) (Percentage) (Percentage) 
per sq. ft.) 
A ....... . .... 194 0 40 44.5 33.9 21.6 
A ...... . ..... 1939 35 28 .6 49.8 21.6 
B ........... . 1940 30 39.9 49.5 10.6 
c ............ 1941 18 20.9 26.3 52.8 
C ............ 1940 55 25.7 54.8 19.5 
Average ...... . . . . .. 34 .9 43.1 22.0 
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graded seedlipgs requires fewer trees per acre to insure an early market-
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investment. 
STOCK GRADES IN NURSERY PRODUCTION 
Table 2 shows for three different nurseries the distribution of 
seedling stock among the stem-height and caliper classes previously 
discussed. Although all lots of stock represented were from the same 
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up of seedlings less than four inches high or less than 2/ 20-inch in 
caliper; (2) minimum acceptable stock, made up of seedlings having a 
height of four inches or more and a caliper of 2/ 20-inch; and (3) 
premium stock having a height of four inches or more and a caliper of 
3/ 20-inch or more. 
Most planters consider cull stock to be unsuited for field use. The 
minimum acceptable stock did not show up very well in field tests 
(Table 1) and is the minimum quality recommended for adverse planting 
sites. Premium stock is, of course, the cream of nursery production and 
capable of good field performance on any planting site in this region. 
Table 3 shows that in the nurseries tested 22 per cent of the stock 
fell in the "premium class," 43 per cent in the "minimum acceptable" 
class, and 35 per cent in the "cull class." Until further refinements are 
made in nursery production methods or until cost of producing nursery 
stock is reduced, these three broad grades of stock may be all that can 
be justified. 
The small proportion of premium stock is somewhat discouraging. 
Four of the five individual lots showed only about one-fifth of the 
seedlings classed as premium. In one case the proportion was as low as 
TABLE 3 
PRO PORT ION OF FI VE L OTS OF 1-0 S HORTLEAF PINE EEDLINGS F ALLING J TO T HREE BROAD 
STOCK G RADES 
Broad Stock Grade 
Minimum 
ee !ling Cull Acceptable Premium 
Nu rsery Year Density tock Stock Stock 
(Number (Percentage) (Percentage) (Percentage) 
per sq. ft.) 
A ........•... 1940 40 44.5 33.9 21.6 
A . .... .. . .. .. 1939 35 28.6 49.8 21.6 
B ...... ... .. . 1940 30 39.9 49.5 10.6 
c .. .. ........ 19-I J 18 20.9 26.3 52.8 
c ......... . .. 1940 55 25.7 54. 19.5 
A verage . .. . .. . ... . . 34 .9 43.l 22.0 
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one-tenth. During drouth years, especially, premium stock is superior 
in performance to the poorer stock. Since drouth years cannot be pre-
dicted at the time stock is selected and planted, high-grade seedling stock 
serves as survival insurance. 
The minimum acceptable stock grade shows the highest proportion in 
all lots but one. Seedlings in this category may give excellent survival 
and acceptable growth on good sites in years of plentiful and well-
distributed rainfall. Under other conditions failures or partial failures 
can be expected. Rainfall was exceptionally favorable to survival and 
growth on Plots 2 and 6 (Table 1), although the sites were poor. Even 
then, differences of 18 per cent and 16.6 per cent obtained between the 
minimum acceptable and premimum grades. The quantity of this 
"minimum acceptable" stock is much out of proportion to that required 
for areas of good planting sites at present and therefore should be 
reduced by improved nursery practices. 
The cull stock in the five lots ranged from 20.9 per cent to 44.5 per 
cent, with a mean of 34.9 per cent for all. These seedlings should be 
destroyed. 
Under proper nursery conditions the proportion of premium stock 
could be materially increased. During the past ten years experience and 
research have greatly improved the average quality of shortleaf pine 
planting stock in the Central States. Further nursery investigations are 
needed to increase appreciably the proportion of the premium grade. 
These investigations include: (1) the determination of optimum seedbed 
density and methods to control it, and (2) the determination of soil 
conditions most favorable to growth and how to maintain them. Nursery-
men agree that density is an important factor in producing superior 
stock and that a density of 20 to 25 seedlings per square foot should not 
be exceeded. During and immediately after germination, shortleaf pine 
seedlings cannot survive in soils with 500 parts per million of calcium 
and with pH values greater than 6.5 (1). Exploratory research has been 
conducted on responses of shortleaf pine seedlings in nursery beds: (1) 
to most of the various forms of mineral elements essential to growth and 
(2) to applications of acid peat (2) . This research indicates that seedling 
development can be effectively controlled, and points definitely to the 
need for further investigations on most effective methods of control. 
SUMMARY 
In the springs of 1939, 1940, and 1941, grades of 1-0 shortleaf pine 
seedlings were planted in poorer-than-average old-field soils. These ex-
perimental plantings were made in Arkansas, Missouri, Indiana, and 
Ohio with stock from three Forest Service nurseries. Seedlings of the 
various caliper and height classes were planted in Latin Squares, each 
~quare being a complete design for testing the stock obtained from each 
nursery each year. Especially significant in the group of experiments was 
the fact that caliper and height classes were related to survival and · 
growth. 
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In the range of seedling lots tested, the lower height-caliper ratios 
were associated with the better survival and growth rates. Calipers of 
2/ 20-, 3/ 20-, 4/ 20-, and 5/ 20-inch and top height from 4 to 13 inches were 
involved. The best grades had heights from 6 to 10 inches and calipers 
of 3/ 20- and 4/ 20-inch, although seedlings with somewhat longer stems 
and with the larger 5/ 20-inch caliper gave good results. The largest stock 
was more difficult to plant which was perhaps responsible for its lower 
survival. It had either the larger calipers combined with the longer 
stems, or the larger calipers with the shorter stems of open-grown 
seedlings having massive roots. 
In plantation establishment, survival capacity is considered a more 
important quality of seedlings than height growth capacity, and therefore 
should be given more weight in grade determination. Fortunately, better 
growth generally parallels better survival. 
Caliper is a more effective criterion of survival and growth than 
stem height. 
Nursery-run stock at the three nurseries was examined to determine 
proportions of the recognized grades found in each. Nearly 35 per cent 
of this stock in all nurseries was in the cull grade. Forty-three per cent 
of this stock was in the "minimum acceptable" grade and 22 per cent 
was in the premium grade. These percentages indicate the need for 
better stock production. 
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CUMULATIVE TALLYING BROUGHT UP TO DATE 
CLARENCE D. CHASE 
Lake States Forest Experiment Station' 
The unique idea of tallying on a cumulative composite volume table 
was advanced by S. R. Gevorkiantz of this Station in 1941. The cumula-
tive feature facilitated computing the volume of each species immediately 
while in the field. A good merchantable composite volume table would 
be better, he believed, than the many untested tables based upon species 
and local differences. 
The idea was worked out further with John W. Macon and published 
(6) in the August, 1942, Journal of Forestry under the title, "Estimating 
Volume on the Spot." Technical Notes 203 and 241 of the Lake States 
Forest Experiment Station served to distribute the composite tables for 
cordwood (1), the Scribner rule and the International 1,4-inch rule (5). 
The idea was accepted quickly throughout the Lake States and is 
now in common use by most public forestry agencies and many lumber 
and pulp companies. It was tested out in most forest regions of the United 
States and has been accepted for use in several. 
The purpose of this paper is to present a fairly complete statement 
of the use of the cumulative tally sheet in its latest form, together with 
correction factors for species, adjustments for various standards of utili-
zation, and adaptation of its use for other than 1/5-acre plots. 
REVISED CUMULATIVE 1/s-ACRE TALLY SHEET 
· The tally form is divided into blocks, each representing a given 
d.b .h., bolt height class. A cumulative series of numbers is provided 
in each block. These numbers are volume units corresponding to the 
size of trees, indicated by the block, and multiplied by the proper factor 
to convert volume to the acre basis. In use, each tree on a Ve;-acre plot 
is recorded in the proper block by crossing out consecutive numbers, 
always beginning with the first number in the block. 
Last year the writer redesigned the tally sheet as shown in Figure 
1 so that a legend need be used only when more than four species occur 
in the same diameter class. Species should be tallied in order of pre-
dominance. The revised form also provides for summarization by species. 
In Figure 1, note that five white ash (WA) were tallied in the 6-inch 
class. Adding the last number crossed out to the right in each block 
(2 plus 4) we get 6, which is entered under totals per acre. Summarizing 
for pole timber trees we get a total of 14 for white ash and 22 for all 
' Maintained by the United States Department of Agriculture, Forest Servke, 
in cooperation with the University of Minnesota at University Farm, St. Paul 1, 
Minnesota. 
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species. Pointing off one place to the left we get the volume of 2.2 cords 
per acre. 
In the lower portion of the form, space is provided for tallying 
saw-timber trees and determining their volume per acre in board feet, 
International Vt-inch rule by the same procedure. In the example we 
find a gross volume of 79. Again pointing off one place to the left we 
obtain 7.9 M board feet per acre. Since an average defect of 15 per cent 
is indicated, the net volume shown near the center of the form is 6. 7 M 
board feet. 
Provision is made also on the form for tally of (1) trees in the 2- and 
4-inch classes (upper left corner), (2) nonmerchantable (cull) trees 
(Column 3), and (3) mortality (trees which have died recently) (upper 
right corner). 
Similar forms have been prepared giving cords and board feet 
by Scribner rule on the same sheet, and giving cords for all diameters 
on a sheet. Samples of these forms may be obtained from the Lake 
States Forest Experiment Station. 
ADAPTATION FOR OTHER AREAS AND USES 
The cumulative tally form may be used with satisfaction wherever 
the average form class for the trees is close to 78. In areas where the 
form class varies from this average, the volumes from the cumulative 
tally sheet should be adjusted by the following formula. Average form 
class minus 78 times 3 per cent equals ± per cent correction needed. For 
example, if the average were 75: (75-78) X 3 per cent = -9 per cent. 
Indicated volumes should be reduced by 9 per cent. Correction factors 
for individual species will be discussed later. 
Ordinarily the sheet is used for tallying the merchantable trees on 
a V.5-acre plot (radius 52.7 feet) and the 2- and 4-inch trees on a 1/ 50-acre 
plot (radius 16.6 feet). It is adaptable, however, to the tally of strips or 
blocks. If, for example, one wants a 100 per cent tally of a small wood 
lot, he makes the tally as usual but after summarizing the volumes and 
pointing off one place to the left, he should divide by 5 to convert to the 
volume of the entire area. 
If one wishes to make a cut and leave cruise, he should tally all 
trees in the usual way but also record the cut (or the leave trees) by 
underlining the tally mark. If five numbers in a block were tallied and 
three were underlined, he would record the cumulative figure for all 
five as volume and fer the first three numbers in the block as the r ecom-
mended cut. Space is provided for summarizing the net recommended 
cut per acre on the form. 
If there is a great deal more defect in some trees than in others 
so that an average defect factor is not applicable, the form allows for 
deduction of defect by species or diameter classes, or both as may be 
desired. 
If a stand table is required, the number of marks for each species 
and diameter can easily be counted. Average volume per acre by species 
and diameter class may be read from the summary column. The Lake 
States Staticn has developed a method of determining growth for each 
. 
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species and diameter in each type-size-density class which dovetails 
with the use of the cumulative tally form. 
COMMON ERRORS TO A VOID 
As in the case of any tally by species, diameter, and height, consider-
able care must be taken to record trees by proper sizes. One must also 
be careful in reading the printed numbers. 
Another common source of error is improper estimation of merchant-
able height. For example, the cordwood table is made for estimating to 
a merchantable top (minimum diameter of 4 inches inside bark). If 
D.b.h. 
(inches) 
6 .............. .. 
7 ............... . 
8 ..... . ......... . 
9 ...... . ..... . . . . 
10 ...........•.... 
11. . ............ .. 
12 .... . ........ . . . 
TABLE l 




Number of B·foot bolts to 4-inch top• 
(percentage additional volume to 3-inch top) 
3 4. 5 
16 12 
12 10 8 
10 8 6 










• 01 to be used on trees where merchantability to 4·-inch top is limited by defect or 
deformity. This table is taken from Techni cal Note No. 274 of the Lake States Forest 
Experiment Stal.ion (2) . 
utilization is to be made to a 3-inch top, the merchantable height should 
still be estimated to a minimum usable top of 4 inches and then be cor-
rected by use of the Table 1: 
Similarly, the tally of board feet must be based upon height to a 
merchantable sawlog top (minimum of 8 inches d.i.b.). Merchantable 
top may be defined as the point at which a limb diameter is equal to 
one-half the stem diameter, or above which no bolt would be 50 per cent 
sound. If utilization is to be made to a 6-inch minimum top,2 the number 
of merchantable 8-foot bolts between the 8-inch and 6-inch tops should 
be tallied by species (and d.b.h. if desired). This might be called off as 
each tree is tallied and be recorded on the left margin. When the number 
of bolts is multiplied by 0.5 and the product rounded off to a whole 
number, the volume per acre in hundreds of board feet is obtained. 
This figure may be entered in the righthand column and summarized 
with other volumes. 
SPECIES CORRECTION FACTORS 
When a volume table based on merchantable height rather than a 
• In forest survey practice in the Lake States, aspen and softwood saw-timber 
volumes are estimated to a minimum top diameter of 6 inches d.i.b. and the other 
hardwoods to a minimum of 8 inches d.i.b. Softwood trees over 9 inches d.b.h . and 
hardwood trees (including aspen) over 11 inches d.b.h. are tallied as saw timber. 
CUMULATIVE TALLYING 337 
fixed top is used, the differences in volume between species becomes 
small. The use of one composite volume table weighed by the predomin-
ance of certain species then becomes practical. Furthermore, when net 
volumes are obtained on the basis of estimated cull deductions, the slight 
differences between species become even less significant. 
According to our tests, the species differences usually compensate 
within a type composed of several species. What differences do occur are 
generally small and can be allowed for after field work has been com-
pleted. Table 2 presents the correction factors to be applied to saw-
timber volumes obtained from the composite volume tables or cumula-
tive tally sheet to get correeted volumes. 
TABLE 2 
CORRECTION FACTORS FOR SAW-TIMBER VOLUME 
Ash, black 
green ......................... . 
white ....... ... . .. .. . ......... . 
Aspen ....... ... . . ....... .. ........ . 
Basswood .... . ... . ..... .... .. . .... . 
Beech ...... .......... . •.. .......... 
Birch, p aper ... .......... ....... . .. . 
yellow . .. .. ................... . 
Cedar, white . .. .......... .. ... . . .. . . 
Elm ..... ......................... . 
Collonwood . .. ...... . ............. . 













Hemlock ..................... .. ... . 
Hickories ............... ... . ... . .. . . 
Maple, red ..... .... ............. . . . 
sugar .. ............ . .......... . 
Oak , bur ............. _ ........... . 
post ...... . . .... . .............. . 
red .................. .. ...... .. 
white ....... ..... . ... . . . ...... . 
Pine, jack ................ . . .... . . . . 
red .... .. ................... .. · 
white .. .. ... .... ...... . •....... 
ycamore .................. . ....... . 














No correction of cordwood volumes is needed. Differences in 
unpeeled cordwood volume between species are very small. The loss in 
cubic-foot volume because of rapid taper is generally compensated for 
by the gain in cordage from looser piling. Thus, the rapidly tapering white 
cedar will show almost the same stacked cordage as spruce trees of the 
same size. Cedar will have less volume per stick but will require fewer 
sticks per cord. If cubic-foot volumes instead of cords were desired, 
corrections by species would be needed. 
CONVERSION OF BOARD FEET TO CORDS 
If one wishes to determine the volume in rough cords which is 
equivalent to the tally of saw timber by the International % -inch rule, 
he may use the conversion factors in Table 3. Multiply the number of 
hundreds of board feet on the tally form in a diameter class by the 
corresponding factor to obtain the tenths of cords per acre. For example, 
8 (hundreds of board feet) in the 12-inch d.b.h. class is equivalent to 
8 x 2.23 or 17 (tenths of cords) or 1.7 cords per acre. 
If the tally has been taken on the International 1,4-inch rule tally 
sheet and there is need to convert to Scribner (3) or to Doyle (4) 
volumes, converting factors are available in the Lake States Forest 
Experiment Station Technical Notes No. 283 and No. 287, respectively. 
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TABLE 3 
CONVER. ION FACTORS FOR VOLUME I N ROUCH CORDS 
D .b.h. 
class 
10 .. . ..... . ... . .. . 
12 
H ....... ...... . . 
16 
18 
20 ............... . 
22 ...... ......... . 
24 ........... . 
F ac LOr 
Tenths of rords 
per hundred bd. ft. 










cla ~s Factor ili:$>1 
Tenths of cords 
per hundred bd. ft . 
(or cords per M ) 
rn 1.74 
28 J.73 
rn . ... . .......... . l.72 
32 . . . . . . . . . . . . J.70 
3~ ......... ....... J.69 
36 ' . . . . . ' . . . . . . 1.6 
38 . ... .... .... ... . 1.67 
·10 .......... l.66 
VOLUME IN TOPS AND LIMBS AND IN "CULL" TREES 
The sound wood volume of the tops and limbs of saw-timber trees 
and of "cull" or nonmerchantable trees is quite variable but can be 
determined approximately by factors presented in Table 4. 
The sound wood volume of nonmerchantable trees may be deter-
mined by multiplying the number of such trees tallied in the d.b.h. class 
by the corresponding volume shown in the second column in Table 4. 
This will give the volume in tenths of cords per acre which is similar to 
other figures on tally sheet and should be pointed off one place to the 
left to obtain cords per acre. 
In determining the sound wood volume of tops and limbs, one should 
first determine the average merchantable height of the stand to the 
nearest 16-foot log. This will indicate which columns of factors in Table 
4 to use for softwoods and for hardwoods. These factors should then be 
applied to the International saw-timber volumes by species and d.b .h. 
classes on the tally sheet. Since tally sheet volumes are in hundreds of 
board feet per acre, the answer will be in tenths of cords per acre and 
have to be pointed off one place to the left to obtain cords per acre. 
CONCLUSION 
The presentation of various factors for adapting the cumulative 
l/,5-acre tally sheet to meet different needs may discourage use by making 
the process look complicated. In actual practice, however, only a few 
of these factors will be used at one time. The cumulative tally form 
enables the farm forester to tell the farmer within a matter of minutes 
after the tally is completed, what volumes of merchantable timber should 
be cut or left, and what volumes of cull trees, tops, and limbs may be 
salvaged. This cannot be done as quickly with the same degree of 
accuracy by any other known method. 
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TABLE 4 
CONVERSION FACTORS fOR SOUND vVOOD VOLlJME OF NoNMERCHANTABLE TREES AND 
OF Tors AND LIMBS OF MFRCllANTABLE TREES 
Merchantable Trees 
Nonmerchantable (T enths of cords per hundred bd. ft. Int . 1/l," 
trees" or cords per thousand) 
Tenths of cords 
Upper stems of 
softwoods and Tops and limbs 
per acre for each as pent of hardwoods:j: 
D.b.h . tree on lfs-acre 
cl as plot I-log§ 2-Iog 3-Iog 1-log I 2-log 3-log 
6 J . . .. .. .. .. . . 
8 3 .. . . . . . . . . . . 
10 7 .3 .1 . . 2.3 l.6 . . 
12 ll .5 .2 . . 2.2 1.5 .. 
14 16 .7 .3 .1 2.2 1.4 .7 
16 22 1.0 .5 .1 2.2 1.3 .7 
18 27 I .4 .6 .I 2.3 1.2 .7 
20 34 1.8 .7 .I 2.3 1.1 .6 
22 41 2.1 .8 .2 2.5 1.1 .6 
24 48 2.2 .8 .3 2.7 1.1 .6 
26 57 2.3 .9 .3 2.9 1.0 .6 
28 66 2..t .9 A 3.l l.l .6 
30 76 2.4 1.0 .-1 3.4 I.I .6 
32 85 .. 1.0 .4 .. 1.1 .6 
34 97 .. l.l .5 . . 1.2 .6 
36 109 .. I. I .5 .. 1.3 .7 
38 120 .. . . .6 .. . . .7 
10 130 . . .. .6 .. . . .8 
• The sound volume in those deformed or defective trees o[ commercial species which 
contain a net volume of less than 40 per cent of their gross scale. 
t The sound wood volume in the upper stems of softwood and aspen saw-timber 
tree between the usable top minimum o[ 6 inches and the usable top minimum of 4 
inches d.i.b. 
:j: The sound wood volume of wp and limbs of hardwood (except aspen) saw-
timber trees be tween the usable top minimum of 8 inches and the usable top minimum 
of •I inches d.i .b. 
§Average merchantable height to the nearest log. 
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LUMBER RECOVERY FROM "WOODS WASTE" LOGS 
E. M. DAVIS 
Forest Products Laboratory,' Forest Service, United States Department of Agriculture 
In the past, loggers in the Pacific Northwest have often left behind 
them as much as 15,000 board feet per acre of inferior saw timber. This 
is more than the average stand of virgin timber contains in many parts 
of the country. Since 1941, however, high lumber prices have made it 
practical to "relog"; that is, go back over the same ground and take out 
material that was left at the first logging, perhaps only five or six years 
earlier. 
Several different sorts of material are obtained by relogging. There 
are large unsound trees, dead and down trees, and standing snags of the 
preferred species, Douglas-fir. There are broken chunks shorter than 
the customary log lengths but long enough to make standard lumber. In 
some areas trees of second-choice species, such as Western hemlock and 
white fir, form a large part of the relogged material. And finally there 
are trees of small sawlog size in all local species, trees that have been 
knocked down or broken or badly damaged in logging operations. 
The forester favors relogging because it brings more complete utili-
zation and leaves the forest in better condition. The lumberman favors 
relogging because it prolongs the life of his operation. But lumbering is 
a business proposition, and relogging will be continued only as long 
as it pays, which is a matter of costs on one hand and of selling prices on 
the other. This raises a question that is always with us in good times or 
bad, namely, what is the poorest log that can be sawed at a profit? 
Recent Forest Se,rvice studies shed some light on this question. 
In the fall of 1947, the Pacific Northwest Forest Experiment Station 
shipped to the Forest Products Laboratory from southwestern Oregon 
a carload of "woods waste" logs. This means logs from material that 
was left in the woods because the operator doubted that it could be milled 
profitably. The material consisted of unsound logs, knotty top logs, small 
tree logs, and logs from broken chunks. The species were Douglas-fir, 
Western hemlock, white fir, Western redcedar, and incense-cedar. All 
logs were 8 feet long, and the total for all species amounted to 7,000 
board feet. The primary purpose of the shipment was chemical utilization. 
First, however, the logs were sawed into lumber of standard size. 
OBJECT AND SCOPE OF TEST 
The object of this work was to determine how much lumber and 
what qualities could be sawed from the woods waste logs. It is in no 
1 Maintained at Madison, Wisconsin, in cooperation with the University of 
Wisconsin. 
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sense a detailed cost study. It does not give a direct answer to the ques-
tion of which logs can be milled profitably. Rather, the study gives 
information which the lumberman can combine with his own knowledge 
of current costs and prices to arrive at the answer. 
Although the woods waste material included five different species, 
this paper is confined to the chief one only, Douglas-fir. 
GENERAL PROCEDURE 
SCALING 
The Scribner scale was used rather than the official Forest Service 
scale, the Scribner Decimal C. The Scribner scale reflects the board-foot 
contents of short, small logs more accurately than the other. 
SAWING 
A 60-inch inserted-tooth circular saw taking a %-inch saw kerf 
was used. Thicknesses for merchantable lumber were 1 inch full and 2 
inches full. Pieces down to 1 by 3 inches by 8 feet or 1 by 4 inches by 6 
feet were saved and (except for the 3-inch size) even-inch widths were 
made. It was the prnctice to saw thin slabs so as to leave a face 4 to 6 
inches wide for the first board. Cull lumber from unsound logs was 
largely sawed into 4 by 4's, the largest size which the Laboratory chipper 
will handle. 
GRADING 
All grading was done in the rough green state, and West Coast 
Lumbermen's Association rules were followed. The logs had been lying 
around a year or more before shipment and some of them had season 
checks that extended through the slab into the first board. Checks were 
disregarded in grading, because they can be avoided and would be 
avoided to a large degree if anyone were making a serious attempt to 
mill such logs commercially. With this exception the grading rules were 
followed literally. 
For the purpose of this report anything below No. 3 common in 4/ 4 
or No. 2 dimension in 8/ 4 was classed as low-grade and cull lumber. 
Better qualities are classed as merchantable. 
WEIGHING AND MEASURING 
Four classes of material were weighed separately: logs, merchantable 
lumber, low-grade and cull lumber, and slabs and edgings. Where logs 
are practically uniform throughout in moisture content, weighing should 
be an almost ideal way of evaluating these products. If heartwood and 
sapwood vary widely in moisture content, however, weighing may give 
some misleading results. 
Merchantable lumber, low-grade and cull lumber, and slabs and 
edgings were all measured for volume by piling them in a one-cord rack. 
The actual amount of wood in a cord will vary considerably according 
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to the size and form of the pieces. The 4/ 4 and 8/ 4 merchantable lumber 
were piled compactly without voids. The 4 by 4 cull lumber was piled 
just as compactly but has less wood per unit of volume because of the 
voids (due to honeycomb or peck) in the sticks themselves. The slabs 
and edgings were piled loosely, with numerous voids between sticks. 
To some degree these things are reflected in the weights. 
UNSOUND DOUGLAS-FIR 
This material consisted of twenty-three 8-foot logs from fifteen 
different trees. The logs varied from 11 to 28 inches in diameter inside 
bark and averaged 18 inches. Some form of unsoundness was found in all 
of them, usually white speck or honeycomb or a combination,2 although 
spots and streaks of soft rot occurred in four logs. A few had knots on 
the surface in addit ion to unsoundness, but most of the larger logs had 
an outer shell of sound wood that was clear on at least two sides. All 
logs were taper-sawed into 4/ 4 lumber so as to get the maximum of 
sound material. 
The lumber sawed from these twenty-three logs amounted to 38 
per cent of the scale of sound logs of equal size. The yield, tree by tree, 
TABLE l 
A~ t OUNT OF MERCH ANTA llLE LUM UER OBTAINED F ROM UNSO UN D DOUG LAS-FIR LOGS 
Di ameter 
Inside l um ber of 
Tree Ba rk, 8-Foot Lumber Log 
um ber Sm all End Logs T all y Scale• 
(inches) (board feet) (board feet) 
l. ... .. ........ 19 2 55 260 
2 ... .. . ........ 17 I 90 93 
3 .... . . . .. .... . 27 2 142 565 
4 . ............. 12 l 0 40 
5 .............. 16 l 49 79 
7 .. ............ 19 l 91 120 
8 ...... ........ JI 2 31 73 
10 .............. 17 I 16 93 
11. ............. 22 2 190 356 
12 ....... . .. . ... 22 2 159 356 
13 . . ............ 19 l 27 120 
14 ... .... . .. .. . . 11 2 72 73 
15 ......... . .... 15 I 45 71 
16 .............. 15 3 89 243 
17 ..... ......... 25 I 0 229 
Total .......... . 23 1,056 2,77 1 
• sound logs of eq ual i1e. 
2 Much of the Douglas-fir timber in southwestern Oregon is mature or over-
mature, and c·onsequently unsoundness is quite common there. The chief cause is 
t he fungus Fornes p ini . White speck is a very descriptive name that is applied to one 
type of unsoundness that is caused by this fungus . White speck varies considerably in 
degree, and often there is no clearcut dividing line between it and honeycomb, 
which is a more advanced stage of decay. 
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is shown in Table 1. Two of the trees, numbers 4 and 17, were very 
unsound and yielded no merchantable lumber. At the other extreme, 
trees numbers 2 and 14 yielded about as much as sound logs of equal 
size. This is quite possible in spite of their unsoundness, because the 
No. 2 common grade admits limited wh.ite specks and firm heart stain, 
while No. 3 common admits firm honeycomb and scattered spots and 
streaks of decay. The volume of the lumber yield, therefore, does not 
necessarily mean much unless it is tied into grades. 
Table 2 shows the grades obtained. The defect that determined the 
TABLE 2 
GRADES OF Lmrn£R OrlTAINED FRO M UNSOUND DOUG LAS-FIR Locs 








Nu mber beuer c Total Common Common Common Total total 
(bd. ft .) (bd. ft .) (bd. ft. ) (bd. ft.) (bd. ft.) (bd. ft.) (bd. ft.) 
1 ...... 0 3 3 0 0 52 52 55 
2 ...... 0 4 4 28 23 35 86 90 
3 . . .... 43 11 5+ 0 32 56 88 142 
4 .. . ... 0 0 0 0 0 0 0 0 
5 .. . . . . 0 0 0 0 20 29 49 49 
7 .. . . .. 25 19 44 19 0 28 47 91 
8." ... 0 3 3 0 17 II 28 31 
10 ...... 0 0 0 0 0 16 16 16 
11. .. ... 58 29 87 32 56 15 103 190 
12 . . . . •. 0 0 0 4 36 119 159 159 
13 .. .... 0 0 0 5 5 17 27 27 
14 .. .... 0 0 0 8 35 29 72 72 
15 ...... 0 0 0 5 40 0 45 45 
16 ...... 0 4 4 0 32 53 85 89 















age . .. I l.9 6.9 18.8 9.6 28.0 43.6 81.2 . 100 
grade was usually some form of unsoundness or decay, although coarse 
knots and heart stain were factors occasionally. For the unsound logs 
as a group, the finish grades comprised 19 per cent of the lumber yield, 
and common grades of boards 81 per cent. But it is necessary to 
remember that the yield of low-grade and cull lumber was high and 
that only 38 per cent of the scale of sound logs of equal size was 
obtained in merchantable lumber. Logs from twelve of the seventeen 
trees had either a low lumber yield or a negligible amount of high grade 
lumber, or both. More than half of the common lumber was No. 3 common, 
which is ordinarily marginal. 
The two trees with the highest lumber yields, Numbers 2 and 14, 
produced practically all common grade lumber, including more than 
one-third of No. 3 common. 
The three trees that hold the most promise are Numbers 3, 7, and 
11, the three which yielded nearly all of the finish grade lumber from 
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this entire group. These were medium to large trees as this material 
went, and had sound clear shells that- gave a fairly good yield of finish 
lumber which normally sells for two to three times as much as the 
common grades. 
According to Table 3, the low grade and cull lumber from this 
class of log amounted to nearly as much as the merchantable lumber 
on a weight basis, and slightly more on a cord basis. Loss in conversion 
on the weight basis was 23 per cent, largely sawdust, but including some 
chunks of bark and unsound wood. 
TABLE 3 
WEIGHT ANO VOLUME OF UNSOUN D D OUGLAS-FIR M ATERIAL 
Logs . . . .. . .... . ............. . . .. . 
Mercha ntable lum ber ..........•.. 
Low-grade and cull lumber ...... . 
Slabs and edgings .. . ........ ..... . 


















.4 (9 per cent) 
Sound Douglas-fir material consisted of forty-three 8-foot logs from 
twenty different trees. The diameter inside bark at the small end varied 
from 6 to 18 inches, and averaged 12 as compared with 18 inches for the 
unsound logs. Some of the logs were top logs from medium to large 
trees, others were butt logs from small trees, but nearly all showed 
· knots on the surface. It was at once evident that most of these logs 
contained little if any finish grade lumber. Because of this and because 
Douglas-fir common grades are largely made into framing rather than 
into boards, a different sawing procedure was followed and 8/ 4 framing 
was cut as the chief product. 
The sound logs produced no lumber of lower grade than No. 3 
common boards or No. 2 dimension. Knots were nearly always the 
determining defect, and it was sometimes surprising how fast coarse 
surface knots decreased in size after a thin slab and one 4/ 4 board 
were removed. No. 1 framing required not less than four annual rings 
to the inch and a slope of grain not steeper than 1 in 10. A negligible 
amount was dropped one grade for failure to .meet the ring requirements. 
A few logs showed spiral grain too steep to meet the slope-of-grain 
requirements, but none was too poor for No. 2 framing. Nearly all the 
knots were intergrown, of small to medium size, and consequently very 
little degrade would be expected because of loosening or dropping out 
of the knots in seasoning. 
The amount of lumber obtained from the different trees is shown 
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TABLE 4 
AMOUNT OF MERCHANTABLE LUMllER OBTAINED FRO~! Oll~D DO UGLAS-FIR LOGS 
Top 
Diameter Number of 
Tree Inside 8-Foot Lumber Log 
Number Bark Logs Tally Scale 
(inches) (bd. ft.) (bd. ft.) 
101 .......... 16 l 60 79 
102 .......... II 1 27 33 
104 .......... 10 l 27 27 
105 .. . ... . · ... 13 l 55 49 
106 .......... 9 4 99 120 
107 ... ... . . .. 11 4 156 179 
10 .......... 10 l 28 27 
109 . ......... 10 l 16 27 
110 .......... 13 3 191 177 
lll ...... . ... 10 2 71 60 
112 ..... ..... 14 7 652 667 
113 .... ... .. . 11 3 126 122 
11 4 .......... 18 l 29 107 
ll 5 . . . . ... ... 6 2 24 20 
116 ... ..... .. 9 l 21 20 
117 .......... 9 l 19 20 
11 8 ....... . .. 9 l 21 20 
119 .... .... . . 16 l 20 . 79 
120 .......... 8 3 60 63 
121 .......... 10 2 67 60 
Total. ...... . 1,769 1,956 
in Table 4. Logs numbers 114 and 119 had falling breaks which greatly 
reduced their lumber yield and put them in a different class from the 
rest. If these two logs are disregarded the sound logs produced lumber 
equal to 97 per cent of their log scale. If they are included, the yield . 
drops to 90 per cent. In either case, the sound logs gave a much better 
return by volume than the unsound ones, as would be expected. The 
quality turned out to be almost entirely of sound common grade with 
no low-grade or cull lumber and relatively little high-grade material. 
Details on the grades obtained are given in Table 5. The 6 per cent 
of finish grade lumber came very largely from one tree, Number 112. 
Seven 8-foot logs from this tree were shipped, and yielded 13.5 per cent 
of finish lumber. Two other trees, Numbers 109 and 111, gave good yields 
of finish material on a percentage basis, although the footage , was 
small. Most of the trees, however, produced no finish lumber whatever. 
Four-quarter common boards, very largely No. 2 and better common, 
comprised 28 per cent of the yield. Framing formed two-thirds of ·the 
yield, and more than half of the framing was No. 1. 
Table 6 shows nearly a 50 per cent recovery in merchantable lumber 
on a weight basis, as compared with 30 per cent for the unsound logs . . 
T ABLE 5 
GRADES OF LU~IBER OBTAINED FRO I SOUND 0 0UGLAS-l'lR L OGS 
.J/4 fi n ish 4/4 common boards 8/4 framin" 
Log Band No. l o . 2 10. 3 
I 
Grand 
N umber bc u er c Total Common Common Common Total o. I o.2 Total Total 
---(bd . ft.) (bd. f t.) (bd. ft.) (bd. ft.) (bd. ft.) ( bd. ft.) (bd . ft.) (bd. ft.) (bd. ft.) (bd. ft.) (bd.ft.) 
IOI ......... . .. 3 3 33 25 .. 58 . . .. . . 61 
102 .......... .. .. . . . . 3 . . 3 13 ll 24 27 
10.J .......... .. . . .. 4 7 . . 11 8 16 27 
105 ... ........ .. . . .. . . 19 4 23 24 8 32 55 
106 ..... . .. .. .. 7 7 5 3 .. 8 37 45 82 97 
107 ........ .. .. .. . . 5 17 5 27 78 48 126 153 
108 .. . ....... . . . . .. 4 . . . . 4 24 . . 24 28 
.109 ..... . . .. . . . 3 3 .. .. . . . . 13 .. 13 16 
llO ......... . .. .. . . 28 53 21 102 35 53 88 HJO 
111. ......... 3 8 11 4 .. . . 4 56 . . 56 71 
11 2 .......... .J9 39 88 48 55 8 JI l 219 235 45-1 653 
l 13 ... . .. . ... 2 . . 2 21 24 . . .JS 5 1 35 86 133 
I 14 .......... .. . . . . . . . . 8 8 5 16 21 29 
ll5 ......... . .. . . .. . . 5 . . 5 8 11 19 24 
116 .......... .. .. .. 5 16 . . 21 .. . . .. 21 
11 7 .. ...... . . .. . . . . 5 . . . . 5 13 . . 13 18 
11 8 .......... .. .. .. . . 5 .. 5 16 .. 16 21 
11 9 . ......... . . .. . . . . 15 5 20 . . . . .. 20 
120 ....... . . . .. . . .. 8 15 .. 23 37 .. 37 60 
12 1 . .... ' . . .. 
' . . ' .. 7 4 . ' 11 37 19 56 67 
---
I I I 
Total ..... . .. 54 60 ll4 177 266 5 1 49-1 674 489 l ,163 1,771 
Perce11tage ... 3 3 6 10 15 3 28 38 28 66 100 
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TABLE 6 
WEIGllT AND VOLUM E OF SOUND DOUGLAS·FlR MATERIAL 
Logs .. ... .... . . . . .. . . ....... . ... . 
Merchantable lumber . . . ... .. .. .. . 
Low-grade and cull lumber . . .. .. . 
labs and edgings .. .. . .... . ..... . 


















,1 • (3 per cent) 
The wide range in the volume and quality of lumber obtained from 
the different woods waste logs strongly suggests that some of them might 
be milled at a profit. 
THE SMALL, LOW-INCOME LANDHOLDING: A PROBLEM 
IN FOREST CONSERVATION 
WILLIAM A. DUERR 
Southern Forest Experiment Station, United States Forest Service 
Small forest properties in private ownership are the crux of the 
problem of forest management in the United States. This fact stands out 
clearly in the findings of the recent Forest Reappraisal by the United 
States Forest Service. From the Reappraisal we learn that on properties 
smaller than 5,000 acres (which include three-fourths of all the private 
commercial forest land in the country), 71 per cent of the cutting is 
classed as poor or destructive. Only 4 per cent of the cutting on these 
small holdings follows good or high-order practices, as compared with 
29 per cent on private properties of 50,000 acres or more, and 67 per 
cent on public forests. 1 
Within the class of private forest holdings smaller than 5,000 acres, 
the vast majority are very small properties. In fact, in the entire eastern 
United States, where most of these holdings occur, about 86 per cent are 
under 100 acres, and 70 per cent are under 50 acres. The problem of 
these very small properties has long been in the public eye. The six-
tenths of them that are classed as farm woodlands have been the object 
of extensive educational and assistance efforts and the subject of a vast 
and ever-accumulating literature in forestry. 
Anyone who works very long in the field of small-owner forestry 
becomes acutely conscious of the refractory nature of the problem. 
There seems to be a hard core or resistance into which it is extremely 
difficult for the forester to penetrate in his efforts to improve forest 
management. This hard core has been variously identified as the owner's 
"insufficient knowledge," "lack of interest," "poor bargaining position 
in the market," and so on. 
The present paper deals with that particular hard core of resistance 
to forestry which is composed of low income. Relatively little attention 
has been given to low income as a factor in the small-owner forest 
problem. Yet studies made by the writer during the past decade in the 
eastern United States lead him to the conchision that low income is the 
heart of the problem on at least a fourth of the small-owner forest land, 
and is intermittently a key factor on an even greater portion of our 
forests. Analysis suggests, indeed, that the small, low-income landholding 
is a special problem in forest conservation. To the extension forester and 
program administrator, the problem is difficult and challenging. No less 
is this true for the research worker, who may feel with some justice that 
' United States Forest Service: The management status of forest lands in the 
United States. Report 3 from a reappraisal of the forest situation. 1946. 
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deeper knowledge of the problem is needed, for its most effective solution. 
In this paper an effort will be made to describe the problem and then to 
suggest briefly some lines of pertinent research. 
A CASE IN POINT 
John Graham2 is a farmer in Anson County, in the southern 
piedmont of North Carolina. His 70 acres of land yield him about $200 a 
year in cash after farm expenses are paid. He and his family of four are 
hard put to make ends meet. 
The Graham family took over this farm about twenty years ago. 
The land had already had 140 years of use. Originally it was part of a 
larger farm where tobacco and cotton were grown according to the ex-
ploitive methods brought inland from the old tidewater plantations. New 
ground was cleared each year to replace what had been depleted and 
eroded through heavy cropping. Today every part of the farm has been 
cleared, abandoned, and recleared at least three times. The Grahams' 
best 30 acres, now in fairly stable use for cotton, corn, and other field 
crops, consume nearly $100 worth of fertilizer every year. Their poorest 
30 acres is in woods, and more is being turned back to woods. 
Little of value remains in the woodland. Once it was chiefly short-
leaf and loblolly pines. Now oaks, hickories, and other hardwoods make 
up most of the thin stand of 27,000 board feet and 90 additional cords. 
The annual growth of 1,300 board feet and 6 cords is not even enough to 
put back what the family cuts for their fuel and other farm use, let alone 
to help furnish cash income. 
In 1934, when a local itinerant sawmill operator offered the Grahams 
$75 for their scattered saw timber, they were glad to get the cash. Twice 
during the war, when the pulp mills were reaching out for wood of very 
small size, the family cut and sold some pine-about $140 worth al-
together. In another few years, if left to grow, these trees would have 
been worth a great deal more. But . the Grahams needed the money and 
could not wait. Now, even if they could forego opportunities to sell the 
very small amounts of new timber becoming merchantable from time to 
time, and even if they could keep the relatively worthless hardwoods 
from taking over the stand, it would be fifteen years before they could 
reap another substantial harvest for sale, and at least twice that before 
the forest capital would become large enough to be reasonably productive 
of yearly returns. 
QUESTIONS UNANSWERED 
What can the Graham family do to increase their income? What 
can they do to raise the value of their woodland? What can the public do 
to help them? Neither they nor the public have found an answer. 
To this family, which needs income now, every day, the usual advice 
of the extension forester-to cut conservatively and let the trees grow-is 
2 The name is fictitious. This and following examples, except where noted other-
wise, are drawn from unpublished studies by the writer. 
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unacceptable. The timber management and marketing specialist cannot 
very well help them, for they have little or nothing to market. The bank 
will not lend them money on their woods in the absence of security. 
And yet if this woodland could once be built up-and maintained-
its productivity would help give the Grahams the money they need for 
a decent living and its timber would help to replete the flow of products 
for the community's needs. 
Should the Grahams abandon their farm and look for employment 
where resources are better? Since 1940 a good many of their neighbors 
have done that, and the eroding fields are already spotted with young 
pine. Should the public help them find a place to go? The public then 
might acquire this land and manage it. Perhaps that is the only solution. 
Or perhaps the Grahams themselves should acquire some of the 
neighboring abandoned land so as to increase their farm and woods 
holdings, reorganize their farming system, and bolster their income. They 
could be good stewards of the land if poverty did not force them into 
exploitation. Or perhaps there are other steps that they or the public 
could take to solve their income and forest problem without their 
abandoning the land. 
A COMMON SITUATION 
John Graham's situation is far from unique. Many other operators 
of small forest tracts face the same problem of low income, timber ex-
haustion, and inability to save or wait for capital to be replenished. In 
Graham's own county there are more than a thousand properties, 
operated by owners or tenants, similarly situated; and in North Carolina 
there are an estimated 100,000. The South as a whole has possibly about 
680,000 such small, low-income landholdings; the United States, 1,300,000, 
with an average forest area of 50 acres. The number and acreage by region 
are estimated in Table 1. This 65.5 million acres is a great share of the 
nation's forest-a great share of its capacity to produce income and yield 
products for consumers-largely standing idle and lacking a specific 
program. 
It is in the depressed, marginal rural areas of the United States, 
where natural and industrial resources are limited, that the chief con-
TABLE 1 
Number of Percen tage of Forest acreage Percentage of 
s1110/l , all fJrivate in small . all private 
low-income forest low-incom e commercial 
Region• /Jro per ties firoperties propert ies forest 
Sou th ......... . ..... 680,000 H 40,800,000 24 
'orth (& Centra l) .... 600,000 24 22.900,000 16 
' Vest .......... ..... . 20,000 17 1,800,000 5 
ni ted States . . . . . . . . 1,300,000 31 65,500,000 19 
• R egions are those of the United States Fores t Service R eappraisa l. See repor t cited 
previously. 
forest hold ings of small,low-income 
operators in percent of total area of 
privately owned commercial fore st : 
~ 40-59 
~ 20-39 
1·:·:·:·:·:·:·:·:·1 Less than 20(1ocalized) 
C=:J Less than 20(scattered) Fie. 1. Approximate areas of concentration of small, low-income forest properties in the United States. 
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centrations of small, low-income properties occur. The piedmont and 
coastal plains of the South-heavily populated, chronically depressed, 
under-industrialized, stripped of their best soil-comprise one large 
region of concentration. Another is the central and southern highlands: 
the Appalachians, Ozarks, and hills of southern Ohio, Indiana, and 
Illinois. Here rough topography, worn-down forests , and limited farming 
chances offer little to a congested population other than the necessity 
to exploit resources. A third region of concentration is the northern 
part of the Lake States. A fourth is the hills of the Pacific Northwest and 
northern California. In both these regions heavy lumbering on a wide 
scale has taken away the primary base of local prosperity and left 
mediocre land for farming and ranching. 
Outside the great concentrations of small, low-income properties 
.are such secondary areas as southern Colorado, the Black Hills, the 
pine barrens of New Jersey, and the Catskill section of New York. And 
beyond these again, scattered through even the most prosperous rural 
woodland areas, on the poorer soils or in otherwise unfavored spots, is 
many a small, low-income landholding. 
The distribution of these properties and their acreage by region is 
about as shown in Table 2. · 
Region 
Sou th ................. . . 
Nonh ( · Cen tra l) .. . .... . 
Wes t .. ...... ... ...... . . . 
Uni ted Sta tes ........... . 
TABLE 2 







AN APPALACHIAN AREA 







In Breathitt County,3 in the Appalachian Mountain section of eastern 
Kentucky is a dense, long-settled population which depends largely upon 
part-time, subsistence farming for a living. The land, however, is 
essentially nonagricultural: it is 70 per cent forest, and the only prime 
farming areas are the narrow ribbons of bottomland bordering the 
streams between the steep, sharp-ridged hills. The farms, clustered 
along these streams, produced in 1939 an average of less than $300 
worth of all products, most of which were consumed at home. Cash in-
come, about $200 per family, came mostly from off-farm work, including 
a little woods work, and from public allotments. 
Not only farm resources, but all resources, are poor. Mining and 
industry are undeveloped. Cut over by large-scale operators many years 
• William A. Duerr, John H. Bondurant, W. D. Nicholls, Howard W. Beers, R. 0. 
Gustafson, and John B. Roberts : Farms and forests of eastern Kentucky in relation 
to population and income. Ky. Agric. Exp. Sta. Bull. 5C>7. 1947. 
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ago and subsequently picked over for everything of value, the timber 
growing stock today amounts to only 1,700 board feet and 9 additional 
cords per acre, mostly beech and other unwanted species. 
One 37,000-acre area typical of this region is held by about 300 
private owners. Of these tracts, eight-tenths, containing 55 per cent of 
the forest, are in the small, low-income class. The typical small forest 
holding is less than 50 acres. In the eight years, 1937-44, nine-tenths of 
these low-income holdings yielded less than $50 worth of products per 
year. Little of the return was in cash, and more than half of the owners 
made no sales at all during the period. 
PROBLEM OF LOW INCOME 
Breathitt County typifies the problem of low income that lies at the 
root of the difficulty of all small, needy operators. Low income, from the 
forest-management standpoint, is the problem of exhausted growing 
stock incapable of producing much timber return. From the community 
standpoint it is the general problem of depleted local resources and 
meager employment opportunities. Where resources are insufficient to 
give people an adequate living, the resulting pressure inevitably leads 
to exploitation. 
In Breathitt County, where the pressure of population upon all 
resources is tremendous, no long-run plans can be made for any small 
forest tract, for tomorrow it may be cut heavily for whatever income it 
will yield, or it may be cleared in the constant quest for fresh agricultural 
soils. Even if all resources were built up to maximum productivity, the 
area could provide an average American livelihood to only one-third 
the people who live there today. Low income, underemployment, and 
overpopulation frequently are all symptoms of a single ailment. 
Not low income alone, but low cash income, is the crux of the 
problem of the small, needy operator. Food and timber for subsistence, 
however ample, cannot rntisfy more than a bare living standard. Some-
where, if only in the sale of a few scattered sticks of timber from an 
overworked woodland, 'cash must be found with which to enter the 
consumers' market. In Breathitt County, for example, the need is not 
to promote greater self-sufficiency, but to break down the barriers of 
physical and economic isolation. The people need to become a part of 
the general exchange economy, buying and selling products with the 
outside world. Forest products, preferably processed by an expanded 
local industry, are the County's natural trading stock. And if popula1ion 
pressure can be reduced, the necessary forests can be built. 
TENURE PROBLEMS 
In Breathitt County, as in many areas where small, low-income land-
holdings are concentrated, unstable forest ownership and consequent 
lack of long-run interest on the part of owners is a problem. Nearly half 
of all properties changed hands in the ten years preceding 1944. Tenants, 
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too, shifted frequently, and this was significant because about three-
fourths of all tenants had very wide latitude-approaching that of an 
owner-in timber cutting and management. In 1944, more than 80 per 
cent of all tenants had been in place five years or less. 
Such shifting tenure of the land, inimical enough to any forest 
enterprise, is particularly damaging in the case of the small, low-income 
property. On such properties, typically, the forest capital will yield no 
substantial return for at least ten or fifteen years. The current forest 
value is little and is not, of itself, greatly worth protecting. Only the 
operator who anticipates reaping the future rewards for himself or safe-
guarding them for his family can be expected to take much interest in 
forest management now.4 
On small, low-income landholdings operated by tenants rather than 
owners, the problem of disinterest, whether arising from brief occupancy 
or from other causes, is magnified. Few tenants take an owner's interest 
in building up the value of a property. Problems associated with tenant 
occupancy are most prevalent in the South. 
A CUT-OVER AREA IN THE LAKE STATES 
Northern Koochiching County, in the cut-over section of Minnesota, 
resembles much northern Lake States ter ritory. Its level stretches of 
deep peat swamp are broken only by narrow strips of higher, alluvial 
land along the rivers. Settlement of this area came with the t imber 
industry after 1900, to exploit the virgin spruce, tamarack, and pine. 
After the timber had been worked over, many of the people stayed 
behind, and other s soon joined them in the hope of founding a prosperous 
agricultural community. By the early 1920's, however, this hope was 
proven groundless and impossible of fulfillment on such barren lands. 
Families moved away; the costly ditches that were to have drained the 
swamps were abandoned; only thin lines of settlement along the rivers 
remained. Poor farm resources, depleted forest resources, low income, 
underemployment, tax delinquency, anc;l a mounting public debt became 
the constant problems of the region. 
In 1937, in a 213,000-acre area within this region, there were 240 
resident families, of whom nine-tenths were small, low-income operators. 
The holdings of this low-income group made up about 30 per cent of all the 
privately-owned land in the area. A third of these small operators gained 
their entire livelihood from their own lands; most of the rest did com-
paratively little farming; intermittently they engaged in trucking or in 
woods work on adjacent state- and company-owned tracts. Gross income 
per family from all sources was about $700. 
The average family operated 120 acres of land. Of this, 80 acres 
was forest, cut-over arid run down, three-fourths of it low-value aspen 
and brush, much of the remainder unmarketable hardwood. In all, the 
' This is true because there is little or no recognized market for future forest 
values realizable under management, and what future values are reckoned in present 
market prices of property are discounted at a high rate. 
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sound timber volume averaged only 600 board feet and 6 additional 
cords per acre. With fuel wood for home use the chief harvest, the typical 
woodland yielded but $70 worth of products annually, $18 of this being 
cash from sales. Only 14 per cent of the operators cut any sawlogs in the 
five-year period 1933-37, and all of these were for home use. 
PROBLEM OF FOREST CAPITAL 
Northern Koochiching County offers an example of another of the 
major problems of the small, low-income property: the problem of de-
pleted forest capital, need for putting capital into the forest, and difficulty 
of accumulating and retaining capital in the face of low income. 
To build up forest growing stock takes an investment of labor, time, 
and money. Labor is needed for improvement work and perhaps planting. 
Time, or waiting, is needed to allow growth to take place. Money is 
needed for taxes, perhaps improvements such as fencing and planting 
stock, and most of all for tiding the operator over the waiting period. 
Labor is not, in most cases, a problem, but waiting and money are. A 
dollar now is worth more to the small low-income operator than several 
dollars a decade hence. With this high personal rate of discount, he is in 
a poor position to invest money in his forest enterprise or to wait for 
future returns. 
NORTHERN CALIFORNIA HILLS 
Along the western slopes of the Sierra Nevada mountains of 
California,0 in a belt extending between the mountain timberlands at 
higher elevations and the wooded grasslands at lower elevations, are the 
upper foothills, a succession of rough ridges and deep canyons. This 
foothill belt was first generally settled in the gold rush after 1848. 
Subsequent invading and receding waves of mining, livestock ranching, 
lumbering, and crop agriculture have left a complex intermingling of 
cut-over, burned-over, second-growth pine; deforested lands in possession 
of hardwoods and chaparral; grassland, much of it brush-covered; and 
scattered patches of irrigated orchards and other cropland. 
Most of this foothill land is owned by stock ranchers from the lower 
elevations and by nonresident individuals and companies holding or 
operating timber. Scattered throughout the belt, however, outside the 
areas of intensive settlement or farming, are small holdings of part-time 
subsistence farmers and rural residents. The great majority of these fall 
into the small, low-income class. 
In 1933, in that part of the upper-foothill belt falling within the 
tier of six counties from Amador to Butte, about one-fifth of the total 
acreage of privately-owned commercial forest was in small, low-income 
landholdings. More than half of these holdings were smaller than 100 
acres in total area; three-fourths of them were smaller than 200 acres. 
• David Weeks, A. E. Wieslander, H. R. Josephson, and C. L. Hill: Land utiliza-
tion in the northern Sierra Nevada. The Giannini Foundation of Agricultural Eco-
nomics. 1943. 
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On the average, about 40 per cent of the total tract acreage was second-
growth pine timber; 30 per cent was hardwood woodland and chaparral; 
most of the remaining 30 per cent was grassland; cropland made up a 
very small percentage. 
Most of the operators of these small, low-income properties received, 
in 1933, less than $500 in gross cash income from all sources, including 
farm and forest products sold and outside employment in mining, road 
work, lumbering, and farming. Nearly three-tenths of the operators 
made gross cash incomes of less than $100. Timber on the property 
provided almost no cash during the 1930's; timber was cut primarily for 
fuel and other home uses. 
A VICIOUS CIRCLE 
Timber depletion, coupled with small size of the forest holding, 
makes for low income. Low income leads to both a lack of interest in 
managing the woodland portion of the property and a need to get from 
the woods all of what little current return they will yield. These things, 
in turn, foster timber depletion. The problem of the small, low-income 
operator is to break this vicious circle and generate a new one wherein 
higher returns will lead to better management and a replenishment of 
capital. 
In the northern California foothills, for example, a small-size forest 
tract is an inefficient management unit, and it is difficult to market 
profitably the small harvests from poorly stocked, immature second 
growth. From the operator's standpoint, the lands that warrant primary 
attention are his grazing lands and cropland. Indeed, one of the major 
forest problems is the repeated fires set by local people to improve and 
extend the range. The operator's indifference toward the effect of 
burning upon the forest illustrates how low income leads to disinterest, 
and this, in turn, to timber depletion. And the more depleted the woods, 
the lower the income. 
A MIDWESTERN FARM AREA 
Carver County, in southeastern Minnesota, is quite a different type 
of area. Small, low-income properties are to be found here, but only 
thinly scattered. Carver as a whole is one of the most prosperous rural 
counties in the state. Its level, fertile lands, its energetic and thrifty 
people, and its favored location near good markets place it high among 
the best areas in the Midwestern farming belt. In 1939 its farms produced 
an average of more than $2,000 worth of products. 
The virgin maple-basswood forests of the county were first 
extensively cleared by settlers after 1840, and by 1900 the present 
pattern of land use was essentially established: some 2,000 farms, 
averaging a little over 100 acres each, with residual scattered patches of 
woods occupying about a fifth of the farm area. Dairying has long been 
the chief farm enterprise; it provides the principal income of three-
fourths of the farms, and nearly every farm has at least a few dairy 
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cattle. Ever since 1900 the county has had an average of about l l/4 head 
of grazing livestock per acre of open pasture and hay land. Pressure 
upon the woods for forage has always been great, and has increased with 
the gradual depletion of open pastures. Today nine-tenths of the wood-
land is grazed. 
Woodland grazing over the years has eliminated tree reproduction 
and allowed the stands to develop without an understory. Few · stands 
contain trees smaller than 6 inches in diameter, and most of the timber 
is larger than 16 inches. Meanwhile steady though conservative cutting--
mostly of selected trees for farm use-has gradually depleted this non-
renewing resource. The average timber stand in 1939 was 2,300 board 
feet and 71/z additional cords per acre. Two-thirds of the stand area 
was very poorly stocked, with crown density less than 30 per cent, and 44 
per cent of the area was so heavily grazed and thinned as to offer little 
or no possibility for forest management short of breaking and replanting 
the ground. Timber products harvested annually were valued at $3.20 
per acre of woods-about half of the potential harvest under 
management. 
Depleted as the timber stands are, nevertheless in prosperous 
Carver County few properties fall in the small, low-income class: only 
about 4 per cent of the farms, containing 2 per cent of the woodland. 
These are mostly smaller farms, under 50 acres, often confined to the 
occasional tracts of poor land. Gross farm income is typically less than 
$600, and often special circumstances make it difficult for the operator to 
supplement his income with off-farm work. More than half of the woods 
properties have no management possibilities in their present condition, 
and few of the remainder contain more than 5 acres of timber with 
definite management possibilities. 
EFFECTS OF THE BUSINESS CYCLE 
If a picture of Carver County a few years previously had been 
available, it would have shown a different situation, for in the years of 
deepest depression the proportion of holdings and of forest land in the 
small, low-income category was at least twice as high. • So it is every-
where to a greater or less degree; in times of industrial and rural 
prosperity the problem of the small, low-income property shrinks to a 
minimum, but when industry and agriculture are depressed, the problem 
becomes most severe. 
Historically, the problem of the small, needy operator reached its 
peak in the early 1930's, when depression, general timber exhaustion, and 
the fact that the nation had at last rather generally repudiated the 
ancient ideal of agrarian subsistence-all combined to create an un-
usually critical situation and to focus attention upon it. With a return 
of depression at some future time, however, the problem could again 
become at least as acute. The fact that today, in time of prosperity, 
nearly a third of all forest owners and a fifth of the private commerical 
forest fall into the low-income class is startling evidence of the serious-
ness of this ever-present problem. 
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Depression has varying effects upon the small, low-income land-
holding. In stable farming areas like Carver County, when farm income 
falls off, operators turn to every available means of earning a little cash. 
It is at this time that they are very apt to strip their woods if they can 
make a sale of timber.0 In areas where subsistence and part-time farming 
and rural residence prevail, as in Breathitt County, Kentucky, depression 
brings a great return flow of people to the land, back from the industrial 
centers; and the pressure of population upon resources is increased. 
In any case, depression deepens and spreads the two primary 
problems: low income and depleted timber. 
NEEDED RF.SEARCH 
The foregoing description of the small, low-income property and its 
problems may suggest in the reader's mind many possible lines of 
remedial action. It is not the purpose of this. paper, however, to discuss 
action programs. The primary purpose has been to point out the problem. 
By way of conclusion, a few ideas will be suggested on the subject of 
needed research and the planning that flows from research, with the 
thought that a better understanding of fundamentals will help greatly to 
guide remedial action. 
Basic to a consideration of needed research is the fact that the small, 
low-income property is not solely, or even largely, a forest problem. In 
most cases it is a problem also in sociology, farming, or industry, or 
indeed, a problem of the whole regional economy. In some cases the 
forest values are an almost negligible part of all the public and private 
values involved. Generally speaking, the problem is that of the rural 
slum, and emphasis is upon slum, and not upon rural or upon forest. 
The rural slum differs from the urban chiefly in the greater sus-
ceptibility to exploitation of the rural environment. The Anson County 
tenant who chops up the woodlot for fuel and the Cook County 
tenement-dweller who chops up the banisters for the same purpose are 
responding to an identical need. It is merely easier for the former to 
accomplish his exploitation uncensured. Soil, water, and the wild growth 
of timber, edible seed, and game are there for him to draw upon in his 
extreme need. The presence of timber among the list is, in any particular 
case, largely fortuitous. Only as a secondary effect do small, low-income 
operators-whose problem is the result of maladjustment to the economic 
environment in general-create a problem of forest management and of 
the national timber supply. , 
So broad a problem calls for research on a broad front-primarily 
research along the lines of economics and sociology, and including 
forestry only as one of several fields for consideration. The approach to 
such research depends on the type of area in which the small, low-
income properties are situated-or, rather, ·the type of fundamental 
maladjustment responsible for the problem. In general, two types of 
maladjustment may be distinguished, though the two are separated by a 
• It is recognized that in prosperous times, too, there is pressure to cut woodlands 
heavily, for then markets are good and buyers active. 
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broad and often indistinct line. These will be called, for convenience, 
primary and secondary maladjustments. 
AREAS OF PRIMARY MALADJUSTMENT 
The first, and more common, type of maladjustment is in the' 
primary use of land over a considerable area-for example, its use for 
crops or pasture instead of forest. The typical area shows the following 
characteristics: 
1. Generally very intensive use of land so that labor receives substandard rates 
of return. 
2. Generally depleted land resources as a result of intensive use. 
3. Undeveloped industry and limited opportunities for development. 
4. Overpopulation. 
Here is a description of Breathitt County and many other 
Appalachian and Ozark communities. The description fits fairly well, also, 
a part of the piedmont and coastal South and numerous sizeable areas in 
the Lake States and the West. Altogether, such areas of primary mal-
adjustment account for about six-tenths of the small, low-income 
properties in the United States. 
For these areas of primary maladjustment, research is needed to 
evaluate broadly the income potentialities of the economy. What are the 
best uses of the land-as to kind of use and intensity of use? How many 
people will such use of the land directly support? What are the oppor:-
tunities for industrial development based upon use of local resources 
including labor, and what are the prospects of employment from this 
source? What supplementary employment in trades and services may 
be expected if the potentialities of the economy are realized? What, in 
general, is the relation between population, resource use, and income in 
the area? 
What adjustments may be needed in population if a reasonable 
optimum living is to be achieved? What adjustments are needed in land 
use, management practices, ownership, facilities for health and 
education? In some areas, attention may be directed at special problems 
of real-property taxation or tax delinquency or at matters related to land 
zoning. In other areas, special biological or engineering problems 
connected with building up the forests or other resources may need to 
be studied. · 
Finally, what is the attitude of the people toward such adjustments 
as may be indicated? If the need is for an exchange, rather than sub-
sistence, economy, in which the emphasis would be not upon getting 
along with present resources, but upon seeking out or creating better 
resources, what is the people's attitude toward the changes that would 
be involved? How do they feel that such changes might be brought 
about? 
The end result of such research should be to determine how general 
income may be raised so as to create an environment in which resource 
conservation, including good forest management, will be possible. 
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AREAS OF SECONDARY MALADJUSTMENT 
The second type of maladjustment is in the secondary use and the 
ownership pattern of land, especially over limited areas or on scattered 
holdings. This type is found in stable farming areas on farms that are 
too small for efficient operation or that need readjustment of crop, live-
stock, or woodland enterprises. It is found, too, in stable nonfarm rural 
areas, where adjustments are needed, not in population, but in type or 
conditions of employment. The typical area has these characteristics: 
1. Misuse, or too intensive use, of individual, scattered landholdings. 
2. Depleted resources and low income on scattered holdings. 
3. Industrial development, actual or potential. 
4. Community resources, actual or potential, sufficient to maintain the existing 
population at competitive rates of return. 
In this class fall Carver County and most other stable farm areas. 
Much of the Northeastern States is included here, as well as parts of the 
Lake States, such as Koochiching County, and parts of the West and 
South. Such areas contain about four-tenths of the small, low-income 
properties. 
In these areas of secondary maladjustment, research may well be 
directed principally at the organization of the individual landholding, 
with a view to defining needed adjustments in the size or management of 
the business, and in its use of land, capital, and labor. 
What is the most efficient combination of land and capital with the -
labor available on individual holdings? What adjustments are indicated 
within the business, such as in ownership boundaries, land use, or type 
of forest or nonforest enterprises? Are forest enterprises likely to be the 
chief means of raising income, as is true in Koochiching County? Or are 
farm enterprises probably the main hope, as in Carver County? What 
use may be made of credit, and what credit facilities are accessible to 
the operator? 
Analysis may disclose that there is little opportunity for consolida-
tion of landholdings and that the possibilities for raising income through 
internal readjustments within the business are limited. In this event, 
attention -turns to outside employment for labor. What returns might be 
expected from part-time operation of the business, coupled with in-
dustrial or outside forest work? What role may be played by nearby 
public forests in offering part-time employment? May additional pro-
cessing of farm or forest products provide needed employment, and 
how may processing plants be successfully established? 
Such research, like that in areas of primary maladjustment, has for 
its goal the raising of incomes-through the medium of all available 
resources including forests. The object is to remove the excessive 
pressure upon resources that lies at the root of the problem of the 
small, low-income landholding. 

FOREST PRODUCTS RESEARCH IN OREGON 
PAUL M. DUNN 
School of Forestry, Oregon State College, and Oregon Forest Products Laboratory 
Research in forest products for Oregon dates back to about 1927 
when studies in the seasoning of certain native hardwoods were spon-
sored by the School of Forestry at Oregon State College. Two graduate 
students received the first Master's degrees in this type of work in 1928. 
The same year, Prof. T. J. Starker started his Post Farm experiment 
which during the following twenty years has resulted in the establishment 
of fifty-nine separate study plots of 25 fence posts each. The majority of 
the western timber species with a wide variety of preservative treatments 
and the corresponding checks were used. The results were published 
periodically and have been especially valuable and interesting to the 
farmers, and public and private agencies. 
These investigations· and studies in related engineering fields were 
carried on for about twelve years with increasing interest on the part of 
the college staff and industry. In 1940, the Department of Wood Products 
of the School of Forestry recommended the appointment of an advisory 
committee comprised of representatives of industry, and the creation of an 
Institute of Forest Products for the purpose of encouraging increased 
interest in better wood utilization and products research in Oregon. 
A steady increase in the prominence of local forest indu'stry and 
economy, emphasized by the fact that in 1938 Oregon became the leading 
state in the nation in respect to lumber production, was an important 
factor. Currently the forests contribute about 60 per cent of the income 
of the state, and there is no reason why the proportion should change 
greatly. As a result of this early work and activity, and the developed 
interest on the part of representatives of industry and the general public 
in more complete utilization of the timber resource, recommendations 
were made for specific legislative action in 1941. 
STATE SUPPORT 
Early thought pointed mainly at the responsibility of the state to 
finance research projects, and the idea of a forest utilization experiment 
station at the College was suggested. However, the first measure provided 
for a biennial appropriation of $25,000 to finance studies "to improve the 
utilization of present waste materials resulting from the harvesting of 
forest crops, the manufacture of lumber and other forest products." Pro-
vision was made for the establishment of the research program at Oregon 
State College, functioning through the State Board of Forestry in coop-
eration with the School of Forestry. The act set up an Advisory Com-
mittee for the program and outlined its functions, but there was no indi-
[ 363] 
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cation of permanence. Therefore, in 1943 the law was reworded to make 
the project continuous though dependent upon biennial legislative appro-
priations. 
In 1945, the 1943 act was amended to establish the Forest Products 
Laboratory and to authorize the director, who is the dean of the School 
of Forestry, to accept funds from and to cooperate with individuals, 
corporations, associations and public agencies wherever and whenever 
advisable to further forest products research. It also granted authority 
to the State Board of Forestry to accept gifts of land and money from 
the United States of America or any of its agencies for the purposes of 
carrying on forest products research. 
ADVISORY COMMITTEE 
The law under which the Forest Products Laboratory operates 
provides for an Advisory Committee of eight, six of whom are appointed 
by the Governor. Each of the following agencies or groups recommends 
a member for appointment: West Coast Lumbermen's Association, the 
Willamette Valley Lumbermen's Association, the Western Pine Associa-
tion, the School of Forestry at the State College, the Oregon Plywood 
Interests, and the Pacific Northwest Forest and Range Experiment 
Station. The Governor is ex-officio member of the Council and its chair-
man, and the State Forester is secretary. Members of the Council receive 
no compensation for their service.s, but are paid for actual traveling 
expenses incurred in attending Council meetings or for the performance 
of other services: 
Functions of the Advisory Committee are: 
1. To survey llie entire field of research in wood utilization for the purpose 
of assembling definite information covering current research projects as 
well as past accomplishments and rendering practical counsel in the field 
of economic forest utilization. 
2. To explore new fields for the utilization of forest products and to encourage 
the establishment of new industries of lliis type williin the state. 
3. To guide and approve all research activities undertaken by the Forest 
Products Laboratory. 
4. Through contacts , with wood-using industries to suggest promising wood 
utilization projects to other research organizations. 
5. To recommend the compilation and release to industry ,and to the general 
public all research information and data. 
FINANCES 
During the first six years of the program's existence, the budgets were 
small. This limited the scope of activity. The biennial appropriations were: 
1941-$25,000; 1943-$26,000; and 1945--$48,370. Increased production 
of forest materials and the demand created by the war developed added 
interest in various utilization projects. The re-burning of the Tillamook 
area in 1945 emphasized a need for more thought toward the future of 
this very important resource. Considerable interest in chemical utiliza-
tion of waste wood developed from the projected construction of the wood 
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sugar-alcohol plant in western Oregon. As a result, the 1947 Legislature 
appropriated $100,000 for products research and also placed a "severance" 
tax of 5 cents on every thousand board feet of forest products harvested, 
to be effective for a period of six years. The income from this tax, which is 
estimated to bring in approximately $300,000 annually, is divided, after 
the cost of collection by the State Tax Commission is deducted, 60 per 
cent for research by the Forest Products Laboratory and 40 per cent for 
forest management research by the State Board of Forestry. The funds 
available for products research during the current biennium therefore 
may approach $420,000. 
PHYSICAL FACILITIES 
During the war years, many of the studies were carried on in the 
laboratories of the several cooperating college departments. However, 
two small buildings were erected adjacent to the School of Forestry dry 
kiln and housed the carbonization and fiber board projects. Increased 
interest throughout the state encouraged the State Board of Higher Edu-
cation to place the construction of an industrial research building as item 
number one on its ten-year plan. This building was completed in July, 
1947, at a cost of $195,000, and approximately one-half of the space, 
18,000 square feet, is allocated to the Forest Products Laboratory. This 
is a two-story lumber-steel-tile structure, 60 x 300 feet in dimension. The 
space is divided into 20 x 23 foot bays and the forestry portion is distri-
buted as follows: First floor-dry kilns, 3 bays; plywood and fiberboard 
laboratory, wood preservation plant, and woodworking shop, 2 bays each; 
and timber testing laboratory, chemical utilization laboratory, controlled 
temperature-humidity chambers, and machine shop, 1 bay each. Second 
floor-offices , library, and storerooms, 5 bays; wood chemistry laboratory, 
3 bays; physical laboratory, 2 bays; and wood technology laboratory, 1 
bay. The charcoal retort and carbonization studies are confined for the 
time to the old building. 
Considerable new equipment has been purchased and some was 
procured from war surplus, but many items are still on order or to be 
designed and assembled. Full use will be made of available laboratory 
equipment in cooperating departments and agencies, and it is expected 
that certain studies may be carried on at plants out in the state. However, 
the plan calls for the procurement of all the essential equipment neces-
sary for the whole range of chemical and physical utilization projects, 
which will eventually provide a first-class research facility in Oregon. 
STAFF 
The staff also had a small beginning, starting with several of the 
college specialists on a part-time basis-namely men in the Wood Products, 
Chemistry, and Engineering departments. Soon a full-time wood tech-
nologist was employed, and now the number has grown to eight full-time 
men, several graduate assistants, and part-time specialists. While the 
Dean of the School of Forestry is officially the director, the current expan-
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sion necessitated the appointment of a technical director, Dr. Phimister 
B . Proctor, who is in charge of the laboratory program. The other full-
time men include a wood chemist, a chemical engineer, and five wood 
technologists, with another chemist and a wood technologist to be added. 
Also, a clerical staff and two mechanics are provided. 
The personnel is divided into three main groups to conform to the 
nature of the projects : chemical utilization, wood technology, and indus-
trial service. Each section has or will have one man in charge who is 
responsible to the technical director. 
RESEARCH PROGRAM 
The first study initiated in 1941 was a survey of the quantity and 
quality of waste at the sawmills in the State. (See "Inventory of Sawmill 
Waste in Oregon." ) The data showed 46 per cent of the pine logs and 49 
per cent of the fir logs left as waste at the mills, and a gross quantity of 
over one million units of material accumulating or being burned annually. 
Also, a ton of waste results from every 1,000 board feet of logs cut, and 
Oregon has been cutting from 5 billion to 7 billion feet annually. Certain 
studies dealing with the use of the material followed, and the current 
program is largely an expansion of the first projects. However, many 
associated ideas have been added. 
Effort was directed toward the possible utilization of large amounts 
of the waste since sawdust, hogged wood, slabs, and edgings formed the 
bulk of the unused wood material. A study dealing with the transporta-
tion problems and costs of bulk material was completed. Chemical 
projects pointed toward the use of sawdust and hogged wood as fiberboard 
stock, as well as the use of the Douglas fir bark and its corky fibers, were 
undertaken. Carbonization of raw wood waste was investigated and a 
small retort was constructed. An associated study involving the possible 
use of the wood tars from the charcoal experiment followed. When the 
wood sugar plant to utilize wood waste was started, associated studies 
dealing with hogged wood storage, and the utilization of the byproducts 
of lignin, calcium sulphate, and waste liquor as sources of usable materials 
were initiated. Later studies covering the kinds and amounts of forest 
waste accumulating during the logging of the timber were started and the 
information gave encouragement to re-logging and salvage logging opera-
tions by industry. Other studies considered the unused timber species 
such as lodgepole pine and the native hardwoods. A total of twenty-five 
major publications and articles have been prepared covering the several 
projects completed or in progress. 
The present program is outlined below by major phases of activity: 
CHEMICAL UTILIZATION SECTION 
A. Wood chemistry 
1. Wax recovery from lignin residue of wood sugar-alcohol 
manufacture. Shows promise of reducing cost of alcohol by 
20 cents per gallon and a patent application is being made. 
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2. Production of tannin from Douglas fir bark. 
3. Analysis of chemical constituents of Douglas fir bark. 
4. Chemical analysis of Ponderosa pine bark; cooperating with 
Western Pine Association. 
5. Analysis of the chemical composition of the extractives of 
Douglas fir wood. 
6. Chemical analysis of all western woods; cooperating with 
Oregon State College Chemistry department. 
7. Chemical analysis of decayed wood. 
B. Carbonization 
1. Production of 5-ton sample of granular charcoal from Douglas 
fir sawdust for testing by the carborundum industry. 
2. Design o:( a one-ton-per-day charcoal plant. 
3. Analysis of tars from wood ca.rbonization processes. 
WOOD TECHNOLOGY SECTION 
A. Fiberboard and related products-
1. Study of essential properties and ultimate production of 
speciality products from wood fiber. 
2. Special surface treatments for hardpressed fiberboard. 
3. Production of containers for agricultural products. 
4. Cooperative projects with industrial organizations. 
B. Plywood and laminated products-
1. Utilization of cedar tow in panel boards. 
2. Utilization of No. 3 Common lumber in prefabricated panels; 
cooperating with West Coast Lumbermen's Association. 
3. Development of molded products. 
4. Development of a board with waste-material core and veneer 
surfaces. 
5. Study of adhesives. 
6. Utilization of decayed or defective wood as laminated core 
stock. 
7. Study of operating factors associated with high frequency 
gluing. 
8. Study of gluing characteristics of Oregon woods, chiefly hard-
woods. 
C. Seasoning-
1. Drying Oregon hardwoods. 
2. Improvements in kiln design; especially small units. 
3. Comprehensive study of drying factors of wood. 
4. Testing of end sealers; cooperating with West Coast Lumber-
men's Association. 
5. Study of solvent seasoning; by arrangement with Western 
Pine Association. 
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D. Wood preservation-
1. Study of durability of various native Oregon woops as railroad 
crosstie material; cooperating with Southern Pacific Company. 
1000 ties each of all species will be track tested. 
2. Continuation of T. J. Starker Post Farm study. 
3. Design of experimental treating plant. 
4. Study of resin coated nails for. measuring moisture content 
of wood. 
5. Screening chemical compounds for fungicidal value; cooperat-
ing with Prevention of Deterioration Center, Washington, D. C. 
6. Study of development of accelerated methods of treatment and 
controlling end penetration; cooperating with several agencies. 
E. Timber testing-
1. Study of strength properties of low-valued Oregon species; 
especially hardwoods. 
2. Development of small-scale test panels and correlation with 
full-scale material. 
F. Miscellaneous-
1. Comprehensive study of amount, kind and rate of decay in old-
growth Douglas fir; cooperating with various companies and 
agencies. 
2. Study of use of wood sugar molasses and yeast as livestock 
feed supplements; cooperating with United States Forest Ser-
vice and Oregon State College Agriculture Experiment Station. 
3. Manufacture of box ends from white fir; cooperating with 
Wooden Box Institute. 
INDUSTRIAL SERVICE SECTION 
A. Information-
1. Editing, publication, and distribution of research data. 
B. Investigations-
1. Survey of kind and number of sawmills by counties. 
2. Utilization of No. 3 Common lumber; cooperating with West 
Coast Lumbermen's Association. 
3. Grade and mill studies in connection with decay projects. 
4. Contacts with wood-using and lumber plants in state. 
COOPERATION 
The policy of the Advisory Committee and Laboratory is to cooperate 
fully with all agencies, both public and private, within or outside of 
Oregon, in order to assemble, develop, and disseminate ideas or techniques 
of economic interest to organizations interested in the fuller utilization of 
the forest resource. Effort is stressed to minimize duplication of work on 
the various projects between agencies. Extensive cooperation has been 
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developed with the United States Forest Products Laboratory, Timber 
Engineering Company, the West Coast Lumbermen's Association, the 
Western Pine Association, the Bureau of Land Management (0 & C 
Lands), the State of Washington, and private corporations such as: The 
Weyerhaeuser Timber Company, Simpson Logging Company, Fir-Tex 
Company 'and many others. Of special mention is the joint program with 
the Chapman Manufacturing Company of Corvallis, whereby the com-
pany is now manufacturing a hard fiberboard from Douglas fir slabwood. 
Many contacts have been made with technical advice and service 
given to lo:::al lumber and logging concerns and organizations such as 
Chambers of Commerce in the various communities. The major objective 
of the whole program is to increase the utilization of forest products 
through development and encouragement of a fuller use of current saw-
mill and woods waste, and unused timber species. 

I 
GROWTH OF TREE PLANTINGS FOR EROSION CONTROL 
IN THE SOUTHEASTERN REGION 
J. A. GIBBS 
Regional Forestry Division, Soit Conservation Service, Spartanburg, S. C. 
During the past thirteen years about 180 million trees have been 
planted in the Southeast. These trees were planted as part of the inten-
sified erosion control program conducted with the technical assistance 
of the Soil Conservation Service. Extensive plantings were made in 
erosion control demonstration projects and CCC camp areas and later 
by farmers in soil conservation districts. 
These trees have been planted chiefly on private land in areas that, 
for the most part, had become so badly eroded they no longer could be 
used profitably and safely for crops and pasture. A wide range of site 
conditions are represented in these tree areas. As a general rule they are 
characterized by severe sheet and gully erosion, moderate to steep slopes, 
and low fertility. Soils derived from sandstone predominate but both 
calcareous and shale soils are represented. These lands have been used 
chiefly in the past for the production of cotton, corn, and tobacco and in 
parts of the region for grazing. 
Generally the ground cover on most of these areas at the time of 
planting was light. In some places, however, it varied from nearly bare 
to heavy stands of broomsedge and similar grasses. There was very little 
woody growth on most of the areas. Such perennials as blackberry, 
sassafras, persimmon, sweet gum, and wild plum occurred on some of 
the sites, usually as individual plants or in small patches. Almost no 
clearing of existing vegetation was done prior to planting. 
In some cases sites for tree planting were carefully prepared. Elabor-
ate practices, including sloping and dynamiting of banks and construction 
of check dams, were applied to many gullies. Furrowing, ridging, and 
fertilizing were practiced on a small percentage of the fields planted. 
A few areas were cultivated for a year or two after planting. Considering 
the total area planted, however, a very small proportion was affected 
by this site preparation. 
In the lower part of the region, particularly in the sandstone soils, 
most of the trees were planted with the use of the planting bar or dibble. 
In tne sections of heavier soils as found in most parts of Kentucky and 
Tennessee, the common grub hoe was used. 
In establishing most of the plantings a spacing of 6 x 6 feet was 
used. On some of the more critical areas, in both fields and gullies, the 
trees were spaced as close as 4 x 4 feet. 
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Pine was the species used in planting most of the areas. Loblolly, 
slash, and longleaf pine were planted in the southern part of the region 
and shortleaf, loblolly, white, Scotch, pitch, and Virginia pine in the 
northern part. Much black locust was used in the earlier plantings. This 
was particularly true in the limestone sections of Kentucky, Tennessee, 
and Virginia. A very small part of this planting included the use of such 
hardwood species as black walnut, tulip poplar, ash, and oak (usually red 
or white oak). Both pure and mixed plantings were made. 
The major objective in this planting program was to reestablish 
ground cover on eroded land as quickly as possible to check runoff water 
and soil washing. Recognizing the necessity of returning a profit to the 
farmer while conserving his soil, the production of a wol,)d crop of value 
was another major objective in the establishment of these tree plantings 
on farms. The establishment of cover for wildlife and recreational use 
also was considered. 
The importance of protecting these young planted stands of trees 
from fire and grazing was emphasized in all agreements with the farm 
owners. In many cases fences were relocated and constructed to insure 
protection from grazing. The use of CCC labor afforded the farmer a 
great deal of assistance in protecting these areas from fire. Later, as the 
camps were closed, the farmer owners of these planted trees had to look 
elsewhere for this assistance-chiefly to State Forestry Departments 
through the farmers', local soil conservation district supervisors. 
Follow-up studies of these plantings were started promptly by the 
Soil Conservation Service. The chief objectives of the studies were to 
check survival, rate of growth, establishment of ground cover, and to 
encourage cooperators to protect the areas. In making these studies, 
many plantings that were selected as representing common conditions, 
have been visited at periodic intervals of from one to three years. This 
h as. made it possible, in many cases, to follow rather closely the general 
development of the stands, the natural invasion of native plants, and the 
gradual accumulation of litter on the ground. Other interesting observa-
tions were also made which will be mentioned later in this report. 
In making these studies the foresters have been materially assisted 
by agronomists, engineers, and soils specialists. A special effort has been 
made to include a soils specialist in this study in order to insure a more 
complete and accurate analysis of soil and site conditions. 
Plantings covered by this study are located in all the states south of 
the Ohio River and east of the Mississippi River except West Virginia. 
They, naturally, involve a wide range of soil types and site conditions. 
Well over 150 plantings have been studied, many of them several times 
at periodic intervals. Included in this number are a few older plantings 
that had been made by individuals and public agencies. Observations 
and measurements of a large number of the plantings were recorded on 
a form provided for the purpose. These records were supplemented fre-
quently by photographs, including many follow-up pictures from estab-
lished photo stations. 
The observations and measurements made in these tree planting 
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studies, extending over a period of about 13 years, are summarized in 
the following paragraphs and tables. 
1. PROTECTION 
The protection afforded these plantings varied considerably. Many 
areas were protected only for the five-year period specified in many of 
the earlier agreements made with cooperators. Many other areas were 
protected as long as the original fence remained an effective barrier to 
livestock. Very little fence maintenance was observed. Damage from 
grazing varied from negligible to virtual destruction of the planted 
trees. Serious soil c:;mpaction also resulted. The damage varied with the 
FIG. 1. A seven-year-old pine planting severely browsed by cattle. 
intensity of grazing and was much heavier in the northern part of the 
region than in the southern part where livestock are not as numerous 
on farms. Browsing of trees by livestock occurred on both pines and 
hardwoods. Despite the all too common belief that pine are not browsed, 
pine plantings were studied where the trees had been virtually destroyed 
by intensive browsing (Fig. 1). Complete protection from grazing was 
recorded in 86 plantings out of a total of 124 where records were made. 
Evidence of fire was found in only seven plantings out of a total of 
125 where this item was recorded. A rapidly increasing number of 
farmers in soil conservation districts are establishing and maintaining 
firebreaks as a very important practice in fire control. 
2. SURVIVAL 
While survival was usually adequate to provide a complete forest 
cover within ten years, there were plantings found with very thin 
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stands and others with spotty stands. Few replantings by cooperators to 
fill in the blanks were found. This brings out another reason for closer 
initial spacing at least until farmers become sufficiently interested to do 
replanting. The pine species survived far better than the black locust 
and other hardwoods. It was commonly observed in pine plantings that 
if the seedlings survived the first year they would generally persist 
even on the worst sites. As an example, survival counts in a planting 
of loblolly pine in Georgia on a very severely eroded and galled 1/ 16-
FIG. 2 .. Pine was planted on the left and black walnut on the right thirteen years 
ago. 
acre plot were: 65 trees in 1940 (one year after planting), 63 in 1941, 
63 in 1942, 62 in 1945, and 62 in 1947. By contrast, many areas planted 
to black locust showed a rapid reduction in percentage of survival over 
a period of several years. There were many eroded areas with pine 
and hardwoods planted side by side where the pine over the years 
gained in vigor and the hardwoods have gradually disappeared (Fig. 2) . 
In order to establish a full, uniform stand of trees and a sufficient 
accumulation of ground cover as early as possible, this study stresses 
the importance of watching survival and replanting immediately after 
blanks occur. 
3. NATURAL INVASION 
Where plantings were protected from grazing and fire it was 
gratifying to note how promptly, under many conditions, native annual 
plants invade these eroded areas and how soon perennials, including the 
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woody species, follow. One of the most commonly found woody species 
invading these areas-even the more severely eroded-is red cedar 
(Juniperus virginiana). It is found generally all over the southeastern 
region invading these planted areas as a conspicuous member of the 
understory. This prompt natural invasion is particularly significant in 
the early establishment of ground cover when the planted trees are 
getting started. 
There are areas under observation, however, where natural invasion 
FIG. 3. Planting Tennessee 5 (Table 1) when it was thirteen years old. The 
surface of the ground was completely covered by pine litter here when the trees 
were between five and six years old. 
of native plants has been negligible after ten or more years. Usually 
these are the more severely eroded areas and frequently small spots 
within such areas. 
4. ACCUMULATION OF GROUND COVER 
The time required for the accumulation of enough litter to cover 
the ground completely was found rather variable. In some pine plantings 
a complete ground cover had become established in five to six years 
(Fig. 3). In other plantings on the less favorable sites a complete ground 
cover does not exist yet, thirteen years after the trees were planted. 
Obviously, survival and subsequent density of stand, along with natural 
invasion by native plants, are major factors in the development of ground 
FIG. 4. Tennessee series. (A) Shortleaf pine five years old planted on sandy 
Coastal Plains material with the Loess cap all washed away. (B) Same planting when 
nine years old; average height about 7 feet. (C) Same planting when fourteen years 
old; average height about 11 feet. 
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covel'. In many of the worst eroded areas, "galled" spots occur where 
fr equently survival is lower and growth is slower than in the rest of 
the area. Frequent examples of this condition were encountered in 
western Tennessee where the Loe2s cap has been completely washed 
away leaving the underlying coastal plains material exposed. It was 
common ly observed on these bare spots that the planted pine trees 
would very early develop a yellow, stunted appearance and make very 
slow development for as long as seven or eight years. However, by this 
time most of the trees would have accumulated a small ring of leaf 
FIG. 5. Planting South Carolina 10 (Table 1) when the trees were eleven year:> 
old. Note the very fine ground cover on these unsloped gully banks. 
litter, after which they consistently developed a more vigorous color 
and increased in rate of growth. Periodic observations on many of these 
galled spots indicates that eventually the trees will provide complete 
ground cover (Fig. 4) . 
There appeared to be no sharp correlation between degree of slopes 
and rate of development of ground cover. Unsloped steep gully banks 
were commonly found where a complete mantle of leaf litter covered 
the surface of the ground (Fig. 5). There was, however, a very definite 
correlation noted between the development of a complete ground cover 
and stabilization of the soil. Where this cover had been established, 
active erosion was no longer in evidence. This confirms the well estab-
F:c. 6. A gully control series. (A) Gully in April, 1935, just after black locust 
seedlings had ·been planted. (B) The same gully after five growing seasons. The 
area has been completely protected from grazing and fire. 
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lished principle that the major element in erosion control is a complete 
protective ground cover. 
5. DAMAGE BY INSECTS AND DISEASES 
Considerable damage to young pine plantings by the pine-tip moth 
was observed on loblolly and shortleaf pine. Undoubtedly, the prevalence 
of this insect over the Southeastern Region materially retards the 
development of these species during the first six to eight years. 
Fortunately, mortality seldom occurs and the plantings eventually out-
grow the effects of this insect. 
The black locust borer · ( Cyllene robiniae) has done tremendous 
damage to black locust and appears to gain in population as the planting 
advances in age. This has occurred even in some of the more successful 
plantings. It is commonly observed that in plantings that appeared to 
be successful up to six to eight years of age, severe damage would become 
apparent rather suddenly. In many plantings with good initial survival 
and growth, the borer has so severely injured the trees that many main 
stems have broken off, giving the plantation the appearance of having 
been struck by a wind storm (Fig. 6) . 
The most commonly observed disease in these erosion control 
plantings, particularly on slash and loblolly pine (Fig. 7), has been the 
cronartium canker (Cronartium fusiforme). As much as 80 per cent of 
the trees in a slash planting have been found infected. Fortunately, severe 
infections of this character are very highly localized. In most parts of 
the region only a small per cent of the trees were found infected. 
6. EFFECT OF SITE PREPARATION ON SURVIVAL AND GROWTH 
Unfortunately, it has been difficult to find plantings where an 
appraisal could be made of treated and untreated gullies with similar 
conditions. However, in the few cases where this was possible, the 
advantages of bank sloping, dynamiting, and check dam construction 
are not apparent. After a dozen years or more, treated and untreated 
gullies look about the same. Measurements of experimental erosion 
control plantings at the Soil and Water Conservation Experiment Station 
at Watkinsville, Georgia, failed to reveal significant differences in sur-
vival and growth of trees on treated plots and check plots over a period 
of seven years. The site preparation applied on the treated plots included 
furrowing, ridging, subsoiling, fertilization, cultivation, and mulching. 
The only exception was mulching, which did bring about a significant 
difference m survival and growth of trees on the treated and check 
plots. 
7. WILDLIFE OBSERVATIONS 
Considerable use of these plantings by various forms of wildlife, 
particularly birds, was noted. Many different kinds of song birds and 
other species were seen in these plantings and numerous nests were 
found. In one pine planting in Kentucky a count of nests in the trees on 
a 1/ 10-acre plot indicated about 270 per acre. Cottontail rabbits were 
very frequently seen in both the pine and hardwood plantings. 
Frc. 6, Part Two. (C) The same gully again as it looked after nine years. At this 
time there was considerable evidence of grazing and black locust borer damage. 
Note some broken trees. (D) The same gully in May, 1947, after twelve years. There 
are numerous signs of heavy grazing and severe black locust borer infestation. A 
planting that for some years appeared successful looks like a failure now. 
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8. RATE OF GROWTH 
In gem:ral the rate of growth of the pine plantings has been very 
satisfa::tory over a wide range of site conditions. In sharp contrast to 
most of the black locust plantings the pine have consistently shown 
increasing vigor at each periodic study and an accelerated rate of growth, 
particularly in height. Black locust has failed in most plantings in the 
s:iutheast. In Table 1 an attempt has been made to show typical plantings 
in various parts of the Southeastern Region. Included in this table are, 
with one exception, only those plantings that are on land use capability 
Classes VI and VII as classified by the Soil Conservation Service. This 
exception is Florida 1 which is on Class III or Class IV land. Classes VI 
and VII should be used only for permanent vegetation such as grass 
and trees. 
The growth figures in Table 1 were secured by measuring the trees on 
1/ 10-acre plots. In most cases all live trees on the plots were measured 
in inches and tenths to obtain average diameters. In determining average 
height, the general practice was to measure with a pole two rows of 
trees across the center of the plot at right angles. In computing the 
vclume in cords, the mean sample tree method was used. Total cubi:: 
feet of wo:id on the plot, to a 2-inch top diameter, was first determined 
and then this cubic foot figure was converted to stacked cords by divid'ng 
by 90. On most of the plots measured no trees under 2 inches in diameter 
l:reast high were included in the volume computations. 
The approximate numbers of posts produced were determined by 
estimating the number of posts in each tree on the plot. The post 
specifications used were: length, 6% feet; minimum top diameter, 3 
in::hes inside bark. 
In reviewing the plantings listed in Table 1 it will be noted that 
there are some sharp variations in results. Some of these variations can 
be explained; others, on the basis of results thus far, are difficult to 
explain. Plantings Tennessee 1 and Tennessee 3 serv~ to illustrate that 
mixtures of pine and black locust do not work out satisfactorily. The 
chief reawn for this is that on sites that are favorable for black locust 
the locust soon overtops and whips out the pine. On the other hand, 
wher:! the site proves to be poor for black locust, which is generally 
the case in the Southeastern· Region, the pine overtops the black locust. 
Flanting Tennessee 3 on the table illustrates the exception. 
Tennessee 1 is an example of a planting in a great system of gullies 
where the Loess cap has completely washed away leav:ng the bare 
Coastal Plain material exposed. Almost without ex::epticn, the growth 
on. these sites has been very slow. 
Flantings reported in the table and observations in general show 
ccnclusively that, of the species of pine represented, loblolly pine is the 
most satisfactory tree to plant in the Southeast for erosicn control. In 
survival, in rapid early growth, and in the establishment of ground cover, 
it excels in all parts of the Region under consideration ex::ept in the 
extreme southern and northern parts. It is a compatible species to use 
TABLE I 
GROWTH ON TYPICAL PLANTI ' GS 
PLANTING GROWTH VOLUME PER ACRE 
____J ~ 
Ero- Ave. DBH-lnches I Ave. Height-Feet Cords Posts 
Stare Species Age Soil -Slope sion "41 "-H '45 ·.rn '47 "41 ·44 '45 '46 ' .Ji '44 '45 '46 '47 '44 '45 '46 '47 
Ruston sandy 
I Tenn. loam-20 5 Lob. Pine 13 per cent (9) 3.2 4.8 .. 5.6 . . 19 25 . . 35 .. II . . 15 . . 810 . . 1,600 .. 
Mixed 13 Orangeburg- I 
I I Tenn. Lob. Pine Ruston sand .. . . 3.9 . . 6 10 . . 16 .. . . . . . . . .. .. . . . . . . I B. Locust 25-30 per cent (9) .. .. . . .. 2 5 .. . . .. .. .. . . .. . . . . . . . . 
Grenada-
Tenn. Mixed 13 Loring-silt 
3 Lob. Pine loam-8 per . . . . . . . . . . 8 10 . . 10 .. . . . . . . .. . . . . . . . . 
B. Locust cent (9) . . 2.5 .. 3.2 . . 20 24 .. 26 .. . . . . . . . . .. . . 400 . . 
Mixed IO Memphis 
Ky. 8 Lob. Pine silty clay . . .. .. .. .. 7 14 .. 18 . . . . . . . . . . . . 230 . . 
Shlf. Pine loam-8 per . . .. .. . . .. 5 10 . . J.I . . . . . . . . . . .. . . . . . . 
Va. Pine cent 48 . . . . .. . . . . 6 10 .. 13 . . . . . . .. . . . . .. .. . . 
Pitch Pine . . . . .. . . .. 5 10 . . 13 . . .. . . .. . . . . . . . . . . 
Loring silty 
I I I I I Ky. 221 clay loam-B. Locust 10 7 per cent 4 (8) .. . . 2.4 . . 11 15 . . 17 . . .. . . . . . . .. . . 210 . . 
' \ c. \ Lob. Pine I 11 
I Wilkes fine 
sand)' loam-
25 per cent 4 (8) I .. . . 4.2 -· 5.1 I . . . . 22 . . 29 I . . 9.4 . . 17 I . . 900 .. 1,410 
I 
I red ell clay I I N. C. loam-20 per 9 Lob. Pine ll cent 4 (8) . . . . 3.3 . . 4.2 .. .. 15 . . 23 . . 3.6 . . 10.9 .. 370 . . 980 
-- - --
l\lixed Llo\'Cls clay ~ .i.o 1.7 23 27 II l i'J l ,2GO s. c. Lob. Pine 13 loain-7 per 56 ?.O 2 Shlf. Pine cent 3.6 23 s. c. Cecil-19 per 10 Lob. Pine 13 cent 3.0 "() 17 I ,18:J 
I 
J:.crn-sandy 
I Miss. loam-HI per 2 Lob. Pine 9 cent 3 (7) 1.3 23 8 900 
t iss. I l\fixed Loring silt 1.3 21 6 " 680 .J 8 Lob. Pine 9 loam-8 per 3.5 
Slash Pine cent 3 (7) u 
!\la. 
I 
t\lixed -Madison sandy 3.1 '.i.9 l·I 870 
w 6 Lob. Pine 11 clay loam-Iii 3.5 ?8 00 
w Slash Pine per cent (7) 3.3 30 .. 
Ala. 
I 
Mixed Fullerton 3.6 2.J IO 770 
12 Lob. Pine 10 grave II loam- 3.8 ~ !} 
Slash Pine I 0 !Jer cent 38 3.2 2·1 
I 
Cecil sandy 
Ga. gra veil y--5 per 
I Lob. Pine 9 cent ·I 3.6 1.3 12.5 ?O 6.6 
I 
.\Jorfolk deep 
I Fla. sand-3 I Slash Pine 12 per cent 3 ·1.0 ~ .5 5.1 2G 28 38 12 1·1.3 23.7 I.~lU I . !J~ :J 
Nole: All plantings spaced 6 x 6 feet except outh Ca1olina 10. which was par: d -I x 4 reer. Age column d ~notes the age of the planting 
when last studied. The site was severely gullied in all plantings listed except outh Carolina 2, Georgia I, and Florida I , which were mod-
crattl) to seve.-ely sheet eroaed. Erosion S) mbols are from Soil Conservation Service table of erosion classes. 
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in mL"{ture with shortleaf in a large part of the central Southeast and 
with slash in the southern part of that Region. With numerous plantings 
of loblolly as far north as western Kentucky, central and western North 
Carolina, and central Virginia, there has been a good opportunity to 
observe its reaction to snow and ice and low temperatures. More damage 
in the form of winter browning and breakage of leaders and side branches 
Frc. 7. Typical result of Cronartium canker infection on the main stem of planted 
slash pine. 
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has been noted on loblolly than on shortleaf and the northern species of 
pine. However, it has exhibited remarkable ability to recover from this 
damage. This, on the basis ·of observations thus far, indicates the possi-
bility of expanding its use northward. 
The use of slash pine in erosion control plantings was considered 
questionable at first. Results, however, have been rather encouraging as 
the figures indicate. While the survival has not been as good as either 
loblolly or shortleaf, the rate of growth has been very encouraging even 
in the northern part of the Gulf Coast States. One eighteen-year old 
planting in west Tennessee still shows vigorous growth, little or no 
apparent winter damage, and has some natural reproduction. Observa-
tions of ice storm damage in several plantings where slash was present 
along with loblolly and shortleaf disclose that it was damaged more 
than the others. 
Shortleaf pine, while slower in growth than loblolly and slash, is a 
species that has survived and grown well all over the Region except in 
the extreme southern part. The use of shortleaf pine probably should be 
limited in those areas where this particular species is being attacked by a 
disease known as little-leaf disease. 
The results of plantings with longleaf pine, which is one of the most 
adaptable and desirable species to plant in the southern part of the 
Region, particularly in the sandhill sections, have been very discouraging. 
This is due chiefly to low survival and delayed growth. Plantings are 
under observation where planted longleaf seedlings were found still in 
the grass after twelve years. 
Both pitch and Virginia pine have proved to be very rugged species 
to plant on eroded sites in the northern part of the Region. It is felt, 
however, that due to their poor commercial quality they should be used 
as fillers in mixture with some one of the more desirable species such as 
shortleaf and white pine. 
Unfortunately, very little white pine has been used in erosion 
control plantings. Observations of a few planted areas and of natural 
stands on eroded soils in western North Carolina, Virginia, eastern 
Kentucky, and Tennessee indicate, however, that it can be used more 
extensively than in the past. 
Some Scotch pine used in Kentucky still shows vigorous growth 
after twelve years. A few cases of very successful red cedar one-row 
border plantings were observed. It is felt therefore that its use in this way 
should bz more widely recommended. 
Table 2 presents average growth figures by species of all plantings 
in which growth measurements were made. 
SUMMARY 
The observations and measurements of the early erosion control 
plantings in 'the Southeastern Region appear to justify the following 
summary statements: 
1. Protection from both grazing and fire was found to be a major 
essential in the early establishment of a forest cover for conservation of 
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TABLE 2 
AV ERACE GROWTH P ER Y EAR, ALL P LANTI NGS 
Species Di ameter (inches) Height (feet) 
Black Locust . . . .... . 25 (15) • 2.2 (20) 
Lo bloll y Pine ... . .. .38 (38) 2.2 (44) 
Slash Pine . . ..... . .. .40 (23) 2.5 (21) 
Shortlea f Pine . . . ... .24 (4) 1.3 (9) 
Longleaf Pine ....... .27 (3) l.6 (3) 
Pitch Pine . . . . . . . . . l.l (9) 
Virg inia Pine ...... . 
~ 
1.3 (4) 
• Figures in paremh eses indi ca te number o f pl antings. 
Note : Average age of plantings studied: 
I Volume 
I 
Cords p er Posts per 
Acre Acre 
I 18 (20) 
I 1.3 (24) 117 (18) 
I l.2 (12) 114 (11 ) 
I .8 (2) 90 (1) 
I .8 (1) 80 (1) 
I 
I 
Bl ack Locust-8 years; Lo bloll y Pine-I I yea rs; Slash Pine-I I yea rs; Shortleaf 
Pine-16 years; Longleaf Pine-15 yea rs; Virginia Pine- 8 years ; Pitch Pine-7 years. 
soil and water and for the production of wood. To encourage and preserve 
early natural invasion of both annuals and perennials, protection from 
grazing, particularly, and fire is required. 
2. The pine species have survived and grown well universally, black 
locust and other hardwoods very poorly. Results indicate the advisability 
of close spacing-6 x 6 feet as an average, closer on severely eroded 
spots and gullies-to bring about the establishment of ground cover at 
an early date. A great deal of emphasis is needed on prompt survival 
examinations the first and second year after planting, followed by 
replanting as required. 
3. Pine plantings over a wide range of conditions have established 
ground cover and completely controlled erosion in eight to ten years. 
Under some of the more severely eroded conditions, particularly on 
galled spots, many more years have been and will be required. 
4. These observations tend to confirm that such insects as the black 
locust borer constitute a limiting factor in the use of black locust for 
erosion control plantings. Cronartium cankers were found very commonly 
but were confined mostly to slash and loblolly pines. In most cases 
observed infected main stems can be eliminated in the first thinnings 
without too seriously reducing density of stand. 
5. In general, preparation of the planting site by plowing, furrowing, 
ridging, bank sloping, dam construction, etc., have not resulted in clear-
cut advantages in terms of survival and growth. 
A RANGE TEST OF SPECIES ADAPTABILITY1 
RICHARD M. HURD 
Intermountain Forest and Range Experiment Station, Forest Serv ice, 
United States Department of Agriculture, Ogden, Utah 
One of the major considerations in artificially reseeding range lands 
is the selection of the species to be used. Not only must the species be 
adapted to the environment so that it can become established and main-
tain itself on the range; it must also be capable of producing substantial 
amounts of herbage necessary for grazing animals. Both plant numbers 
and herbage production show the degree of establishment and productiv-
ity of a species and serve to aid in determining its adaptablity as a range 
forage plant. Other factors, such as palatability and resistance to grazing, 
influence the selection of a species as a forage plant and in a sense may 
reflect upon its adaptablity for range use. However, as used here, adapt-
ability refers to the ability of the species to become established, maintain 
itself, and produce substantial amounts of herbage. 
A species adaptability test was begun in 1940 at the Ruby Substation 
of the Intermountain Forest and Range Experiment Station. The experi-
mental headquarters area is ten miles west and south of Wells, Elko 
County, Nevada, and lies in the foothills of the Ruby Mountains. The 
drainage of these north-facing foothills is toward the Humboldt River and 
many of the small streams are intermittent, being fed from melting snow. 
The elevation at the headquarters is 6,000 feet. Average annual precipita-
tion for the eight-year period ending in 194 7 was believed to approximate 
18 inches. Buried rain gauges read intermittently between May and 
October for the period averaged 134 per cent of the precipitation recorded 
for the same dates at Wells, which has an elevation of 5,633 feet. The 
average annual precipitation at Wells for the 1940-47 period was 13.45 
inches which exceeded the 58-year normal of 9.68 inches by 3.77 inches. 
The growing season starts in April and ends in October, although freezing 
temperatures were recorded at Wells for every month in 1947. Most 
herbaceous species have dried by mid-July and pass through the normal 
summer drouth in a dormant condition. Fall growth and germination 
are dependent upon favorable temperature and moisture conditions. 
The experimental area is within the upper limits of the Artemisia 
tridentata type. At this elevation in northeastern Nevada, typical species 
of the mountain brush zone such as Purshia tridentata and Amelanchier 
florida are found. Populus tremuloides descends from the higher range as 
stringers along the drainages. Much of the foothill range has been depleted 
of many of the valuable perennial forage grasses and £orbs. Artemisia 
' Work described in this article was begun by Dr. J. H . Robertson, former range 
conservationist at the Intermountain Station, now at the University of Nevada, and 
continued by the author. 
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tridentata has increased on the overused ranges by invading the areas 
once occupied by the valuable perennial herbaceous species. Bromus 
tectorum characterizes the herbaceous understory where also are found 
occasional plants of Poa secunda, Elymus condensatus, Agropyron spica-
tum, and Festuca idahoensis. The most conspicuous perennial £orb is the 
vernal Balsamorhiza sagittata. As a result of a range fire in 1940, practi-
cally all of the experimental area and much of the adjacent range was 
burned and Artemisia tridentata was eliminated. The fire-tolerant Chrys-
othamnus viscidiflorus which was mixed with the sagebrush became the 
most common shrub on the burned range. However, this species does not 
occur as frequently as did Artemisia tridentata. 
The site of the test is in most respects representative of the general 
area and typifies much of the range land in northeastern Nevada. Prior 
to the fire the site supported a vigorous and dense stand of A . tridentata, 
lesser amounts of Chrysothamnus viscidiflorus, and the customary her-
baceous understory. The soil is a deep, friable, dark loam built up largely 
from alluvial deposits by a small tributary to the central drainage system 
of the canyon. The soil is undoubtedly deeper and richer than that which 
might be te:rmed typical of the adjacent range. As the topography 
increases in steepness, the soils become shallower and lighter colored, and 
rock outcrops are fairly frequent. The upper end of the planting site lies 
between a small ridge and the tributary drainage and slopes gently north-
ward to a broader open area. 
ESTABLISHMENT AND MEASUREMENT PROCEDURES 
The selection of the thirty-eight species used in the adaptability test 
was based largely upon their performance in an adjacent nursery where 
149 species had been planted. Species grown in the nursery customarily 
receive some cultivation to reduce competition from weeds and grasses-
the purpose of the nursery being to test the responses of a large number 
of species to the soil and climatic conditions. However, the field plot test 
contained no provisions to reduce or control competitive vegetation; the 
species were thus subjected to more rigorous growing conditions. Further, 
both seedbed preparation and planting method simulated techniques used 
in large-scale range plantings. 
Thirty-six species were drilled at 12-inch spacings in 1/ 100-acre 
plots in October, 1940. Since seed for two additional species was not 
available at that time, it was not planted until the following October. 
Assignment of species to plot was by random within each of two blocks. 
In general, seed size governed planting depth while rate of seeding was 
influenced by number of seeds per pound, growth characteristics of the 
species, and productiveness of the site. Since the ground surface was bare 
of vegetation as the result of the range fire in the summer, no additional 
seedbed preparation was used. 
The average number of plants per square foot was determined for 
each species every year from 1941 through 1947. Current-year seedlings 
were not included in the counts since the observations were customarily 
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made before the onset of the normal summer drouth which would cause 
a high seedling mortality. Rhizomatous grasses by the nature of their 
vegetative spread soon formed sod or sod-like patches which precluded 
individual plant counts. Because such factors as merging or thinning of 
closely spaced plants would affect apparent numbers, minor fluctuation 
between years for a species was not considered to be of any particular 
significance. However, consistent increases or decreases reflected upon 
the adaptability of the species. 
From 1942 through 1947, herbage yields were obtained for the most 
productive species. As herbage production declined because of thin 
stands or low vigor plants, yield measurements were discontinued. 
PLANT COUNTS 
Precipitation during 1941 was above the average for the 1940-47 
period and was well distributed throughout the growing season. As a 
r esult many species had seedling stands which grew rapidly. Most of the 
grasses produced a light seed crop. With but one exception, all species 
were represented when an inspection was made in June, although number 
of seedlings varied considerably among species. Plant counts for all 
species are presented in Table 1. 
Although all species had performed well in the nursery, it was 
apparent that some were not adapted to the more rigorous conditions of 
the field plot test. Competition from the aggressive Bromus tectorum 
began early and persisted through the years, although where plots sup-
ported full stands of the planted grass, as was true of Agropyron crista-
tum and A. intermedium, the annual brome was reduced in numbers 
or eliminated from the plot. Chrysothamnus viscidiflorus also was a 
competitor for soil moisture and made vigorous growth particularly on 
those plots having thin stands of planted species. Artemisia tridentata 
seedlings were present by 1944 in some of the plots, but their develop-
ment appears to have been repressed by vigorous stands of grass. 
Of the four pronounced sod-forming grasses- Agropyron smithii, A. 
trichophorum, Bromus inermis, and Elymus triticoides- Bromus inermis 
produced the most complete stand whereas the other three did not fully 
occupy the plots by the close of the 194 7 growing season. The delay of a 
year in planting Agropyron trichophorum as well as the bunchgrass, 
Hordeum bulbosum, permitted competitive vegetation to become estab-
lished. This altered the growing conditions for these two grasses and 
thereby tended to invalidate any direct comparisons with other species. 
Spread of all four sod grasses has ~een fairly rapid in the nursery where 
Bromus tectorum has been controlled at least partially by cultivation. 
When Agropyron smithii was grown under greenhouse conditions in 
competition with Bromus tectorum, Rummell (3) found the young 
wheatgrass plants failed to produce rhizomes. 
The complete disappearance of Bromus cmomalus, and Elymus 
salina, which in 1941 were well represented by seedling stands, 
clearly demonstrated their lack of adaptability. Likewise, those species 
390 RICHARD M. HURD 
T ABLE 1 
AVERAGE NUMBER OF PLANTS P ER SQ UARE F OOT F OR E ACH SPECIES 
AN D T H E Y EAR OF OBSERVAT ION 
Plant Number 
Species 194 1 1942 1943 19<14 19<!5 1946 
Agropyron cristatum ...... 1.4 1.4 0.9 l.5 1.4 2.0 
A. inerme . ............ .. 0.8 0.5 0.3 0.4 0.6 0.6 
A. in termediwn . . . . . . . . . . 1.6 1.7 1.0 1.5 1.4 2.0 
A. smith ii ............... 0.9 0.4 0.3 sod sod sod 
A. spicatm n .. . ........... 0.5 0.4 0.3 0.3 0.4 0.4 
A. subsec1111dum • . . . . . . . . 1.3 I .4 0.5 0.6 0.5 0.4 
A. trachycaulum 
. ··· · · . . . 
0.2 0.2 0.2 0.2 O.l 0.05 
A. trichophorum . . . . . . . . .. 0.8 0.04 0.1 0.2 0.3 
Arrhenatherw n e/a tius .... 0.4 0.6 0.3 0.3 0.6 0.6 
Brom us anomaltts ..... . .. 0.6 0.2 0.05 0.01 0.05 0 
B. carinatus . . . . . . . . . . . . . 1.2 0.9 0.3 0.2 0.2 O.ol 
B. inermis . . ...... . .. . . . . 0.8 0.7 0.4 sod sod sod 
Balsam orhiza sagittata .... 0.6 0.1 0.2 0.1 0.1 0.1 
Cercocarpus ledifolius .... 0 0 0 0 0 0 
Dactyl is glomeratus .... . . 0.2 0.2 0.06 0.09 0.06 0.05 
Ely mus canadensis• ...... 1.2 1.2 0.9 0.6 0.2 0.3 
E. glaucus ... .. ......... 1.6 J.2 0.8 0.9 0.7 l.l 
E. tri ticoides . .. . .... . .... 1.3 0.6 sod sod sod sod 
E. salina . ............... 0.9 0.9 0.05 0.02 0.02 0 
E. virginicus ............. 0.5 0.4 0.2 0.09 0.06 0.1 
Fesluca ovina .. ... ....... 0.6 0.4 0.2 0.05 0.1 0.2 
H esperochloa kingi ...... 0.5 0.02 0.1 0.07 0.1 0.2 
H orclewn bulbosw 11 ... . .. .. 0.3 0.05 0.2 0.2 0.2 
Koeleria eris ta ta . . . . . . . . . 0.1 0.03 0.02 0.06 0.08 0.1 
Lupin us orna tus .. . ..... 0.5 0.4 0.4 0.3 0.3 0.3 
Mi chels rye . . . . . .... .... 0.9 I.I O.l 0.1 O.o4 0.08 
Medicago saliva . . ........ 0.3 0.2 0. l 0.2 0.2 0.1 
Orywpsis miliacea ....... 0.4 0 0 0 0 0 
Penstemon palmeri ...... 0.9 0.8 0.05 0 0 0 
Phalaris anmdinacea ..... 0.01 0.03 0.05 0.05 0.01 0.01 
Phleum pratense ...... .. J.I l.O O.·l 0 .-1 0.5 0.5 
Poa amp/a • • • • ' ••••w•• •• 0.3 0.2 0.2 0.2 1.1 0.8 
P. 11evadensis . ........... 0.1 0.05 0.05 0.1 0.1 0.2 
P. secunda .............. 0. 1 0.01 0.01 0.07 0.06 0.1 
Pu.rshia tridentalit ........ 0.7 0.03 0 0 0 0 
tipa coma ta 0.1 O.o4 0 0 0 0 
s. colu.mbiana . . . . . . . . . . . 0.4 0.2 0.2 O.l 0.3 0.3 
s. leltcrmani ........ . . . . 0.2 0.1 0.05 0.2 0.1 0.2 








































having thin stands as a result of consistently decreasing plant numbers 
indicate their intolerance to the growing conditions. Competition and 
the accompanying decrease of available soil moisture were not the sole 
factors influencing the failure of a species. The disappearance of both 
Oryzopsis miliacea and Penstemon palmeri was attributed directly to 
winterkilling. Lack of an initial stand for Cercocarpus ledifolius suggested 
that such factors as low seed viability or refractory germination were 
responsible for the absence of seedlings. Hence the adaptability of this 
species was not determined by the test. 
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Since Purshia tridentata and Balsamorhiza sagittata appeared in the 
native vegetation, they were unquestionably adapted to the soil and 
climatic conditions. Weather factors prevailing during the trial or the 
intense competition of Bromus tectorum plus the relatively slow rate of 
growth for both species were believed to be influential in the disappear-
ance of Purshia tridentata and the decrease in plant numbers of Balsa-
morhiza sagittata. Nursery plantings of Purshia tridentata have yielded 
fair to good stands when some degree of cultivation was practiced. How-
ever, observations made in northern Nevada have failed to reveal estab-
lished seedlings near parent plants in dense stands of Bromus tectorum. 
The successful establishment of volunteer plants by some species 
increased plant numbers in the later part of the test period. Notable in 
this respect was the substantial increase of Poa ampla, and to a lesser 
extent that of Agropyron inerme and Arrhenatherum elatius. Such a 
characteristic demonstrates the aggressiveness of these species when 
subjected to the full influence of competitive vegetation. In contrast, a 
number of species including Koeleria cristata, Poa nevadensis, P. secunda, 
and Stipa columbiana which had thin initial stands failed to show any 
material increase in plant numbers. Lack of aggressiveness by a species 
may limit its usefulness as a range forage plant. 
As judged by plant numbers, the adaptability of a species is best 
exemplified by a satisfactory seedling stand and the persistence of these 
plants through the year, combined with good seeding or propagating 
habits. Both Agr<>pyron cristatum and A. intermedium demonstrate these 
qualities. Volunteer seedlings were present on the plots of these grasses 
but the density of the stand and apparent total occupation of the plot by 
older plants prevented the establishment of seedlings. The mildly rhizo-
matous habit of A. intermedium was further influential in closing the 
stand to seedling establishment. 
HERBAGE PRODUCTION 
Plant numbers in themselves usually cannot be relied upon to indi-
cate the merit or adaptability of a species as a desirable range forage 
plant. The vigor of the plants as reflected in their diameter, height growth, 
and herbage production is of importance. To arrive at a more complete 
measure of adaptability, herbage yields were used. The average yields 
from two plots for each species for the six-year period are found in 
Table 2. 
The two highest yielding species over the six-year period have been 
Agropyron cristatum and A. intermedium. The former has been widely 
used in range and dryland pasture plantings throughout much of the West. 
Its high productivity and wide range of adaptability plus drouth and 
grazing resistance combine to make it a valuable range plant. Eighteen-
year-old stands in Montana have yielded from 1,600 to 2,000 pounds of 
field-cured hay per acre (5, 6). Although the adaptability of A. cristatum 
was fairly well known, its inclusion in the test was used to some extent 
as a standard with which to compare other species. A. intermedium has 
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TABLE 2 
A IR -DRY Y mLn s IN P OUN D. P ER A CRE F OR SPECI ES PLAN T ED O CTOBER, J 940 
Yea r 
Species 19·12 1943 19-1 4 I 19-15 1946 1947 I Ave. 
Agropyron cris tatum . . . . . . . . 1.512 603 690 983 1.267 J,542 1,098 
A. inerm e . ......... . ....... 18. 136 274 . .. 1,000 990 518 
A. interml'd ium . .. . ........ 515 479 743 940 I ,383 1,606 9-14 
A. smith ii . ................. ... 72 150 . . . . .. . . 111 
II. spicatu111 . ....... ··.·· .... ... 167 . . . . .. . .. . .. 167 
A. su /Jsecunduin • . ... . . . ..... 863 351 229 .. . . .. . . . 481 
A. trachycaulum• . . . . . . . . . . . . . . . 319 .. . ... . .. . .. 319 
Arrhenatherum elatius .J,249 252 422 .. . 900 740 713 
Brom.us carinatu.s . . . . . . . . . . . . 916 67 . . . . . . . . . .. 492 
8. in er mis . . .. ... .. . . . .... .. 714 444 378 360 900 492 5·18 
Elymus canadensis .... ...... 609 279• JO • . . . . .. . .. 332 
E. glauru.s . . . . . . . . . . . . . . . . . . 598 358 229 297 217 334 339 
E. tri ticoides . . .......... .... 68 147 . . . ... . .. . .. 108 
Miche ls rye .... . .. . .......... 437 4 .. . . . . . .. . .. 220 
Poa a.mpla .......... . ....... 345 165 398 655• 867 1,058 58 1 
Phleum pratense ........ . ... 6 2 200 . . . . .. . . . . .. 441 
• Yi elds from one plot onl y. 
not been used in Nevada or adjacent states until fairly recently and then 
has been confined to small experimental tests. As yet sufficient quantities 
of seed are not available at a reasonable enough cost to permit large-scale 
plantings of this promising wheatgrass. A. intermedium has been slower to 
reach full development than A. cristatum, and although the latter pro-
duced more herbage, statistically there was no significant difference in 
yields. Somewhat similar development rates were found between these 
two species by Robertson (2) . Both of these introduced grasses proved 
superior to the highest yielding native grasses-Agropyron inerme, 
Elymus glaucus, and Poa ampla. 
Both Arrhenatherum elatius and Bromus inermis have been used in 
eastern and midwestern pastures as well as in irrigated pastures in the 
West. Under favorable soil and moisture conditions these two grasses 
have proved to be well suited to range plantings, especially at the higher 
elevations. The ability of Arrhenatherum elatius to develop rapidly, as 
seen by the high yield in the second year, together with early spring 
growth makes it a desirable forage plant wherever it is adapted. Tests 
in eastern Oregon showed that this species was outstanding in herbage 
production during a three-year period (1). However, such a consistently 
high yield was not experienced in this test. An increase in later years 
resulted from a thickening of the stand by volunteer plants. 
Bromus inerm is has formed a dense sod that has largely excluded 
the annual B . tectorum. Yields have never been as great as those for 
some of the other species although the grass will grow and maintain itself. 
However, when either or both B. inermis and Arrhenatherum elatius 
were planted in mixtures with Agropyron cristatum, in other studies at 
this station, both species soon became infrequent constituents of the stand. 
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Agropyron inerme and Poa ampla were comparable in that both 
reached highest productivity toward the end of the test period. For both 
grasses an increase in plant numbers appeared to be influential 
0
in the 
increase in yields, particularly with respect to P . ampla. Establishment 
of satisfactory seedling stands has been a problem with this grass (1), 
although in southern Idaho fall planting on summer-fallowed ground 
has resulted in good initial stands (4) . Development of Agropyron inerme 
has been slower than that of A. cristat'llm as found here and in other 
studies in northern Nevada. Stark, et al. (4) found that five-year-old 
stands of A. spicatum, closely related to A. inerme, yielded approxi-
mately the same as A. cristatum but yields from younger stands were 
lower. In addition to this seemingly inherent, slower development rate, 
the competition from Bromus tectorum was believed to be influential in 
repressing the growth of Agropyron inerme. Present stands are largely 
free of Bromus tectorum, especially in the area of domination around 
each of the large wheatgrass plants. Hence a slower growing species 
which is further retarded by competition may be limited to some extent 
in its use for range reseeding. 
Elymus glaucus, although well represented by plant numbers in the 
seedling stage as well as in later years, has not produced high yields. 
From observation the general vigor of this .grass has been low and this 
has been reflected in the yields. Competition from other species in the 
plot, notably Bromus tectorum, have held it in check and warrant its 
rejection as an adapted species. 
As was clearly shown in Table 2, many of the species which in the 
earliest years of the test were fairly productive and appeared promising 
did not persist. Those species which had relatively high initial yields 
might prove desirable in the establishment of temporary pastures under 
such conditions but could not be expected to remain as constituents of 
the permanent vegetative cover in range plantings. 
SUMMARY 
Of thirty-eight species tested for adaptability near Wells, Nevada, one 
failed to emerge, six failed to persist, while thirteen decreased in plant 
numbers to an extent that rendered them undesirable for permanent 
range cover. Seven additional species had thin stands in which plant 
numbers failed to increase materially, indicating their lack of aggressive-
ness. Stands of Arrhenatherum elatius, Agropyron inerme, and Poa 
ampla were thickened by the establishment of volunteer plants. Agropy-
ron cristatum and A. intermedium had good initial seedling stands and 
maintained high plant numbers throughout the period. Of the four 
pronounced sod-forming species, only Bromus inermis had fully occupied 
the plots by 194 7. 
Over a six-year period, Agropyron cristatum produced an average 
yield of 1,100 pounds of air-dry herbage per acre followed by A. inter-
medium with 940 pounds, although these differences were not significant. 
The rate of development of A. intermedium was slower than for A. 
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cristatum. Arrhenatherum elatius ranked third in herbage production 
with greatest yields occurring in the second season. The next four highest 
producing species were Poa ampla, Bromus inermus, Agropyron inerme, 
and Elymus glaucus. In general, yields of Poa ampla and Agropyron 
inerme have increased during the test period. Bromus inermis was not a 
consistent producer of substantial amounts of herbage. Relatively low 
yields throughout the test have been a characteristic of Elymus glaucus. 
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JUDGING RANGE CONDITION AND TREND IN A 
RANGE INVENTORY PROJECT 
GEORGE w. KANSKY 
United States Forest Service 
Today the range manager charged with the responsibility for main-
taining and improving extensive grazing lands and critical watersheds is 
using new and promising methods in the accurate determination of the 
condition and trend of the range. There has been more and more analysis 
of the many things comprising the whole range environment including 
physical and biological elements. These "fine points" of range stability 
and balance have been skillfully presented for wider understanding and 
acceptance. Much remedial action taken in past years to increase forage 
volumes and to halt erosion has not achieved the results expected, 
because of our failure to recognize the incipient actions operating where 
the natural environment has been disturbed. 
In the new and objective sense, range condition is the relative posi-
tion of a given range in comparison with an accepted standard of maxi-
mum development. It is aptly termed "range health" and a rather definite 
description of the ideal or topmost management objective must be used 
in order to give significance to any one definition of condition. 
Range trend is a term suggesting movement or change, specifically 
the change toward a standard objective condition or away from it. A 
tr~nd is toward better condition-upward, or toward poorer condition-
downward. The basis for determining the direction is an understanding 
of all the elements making up the ecology of the range. 
Logically, it is a function of range inventory projects to determine 
range condition and the trend in condition:- The summation of forage 
densities and volumes is not enough if there is not an expression of the 
quality of the range in comparison with some known ideal, and if the 
trend in condition is not recognized and incorporated in management 
plans. 
The following is a discussion of a method for including condition and 
trend studies in the range inventory procedure, and for evaluating the 
range resource with exact evidence in matters of range stability and 
trend. 
Actually range inventory may be expected to reveal and describe 
the gap between existing condition and some anticipated standard of good 
range condition even before that good range cpndition is well defined. 
It is that position much of our range inventory work is in because it has 
not yet been possible to describe the many condition classes and trend 
indicators we would like to have for all forage types (Figure 1). How-
ever, we must begin to apply our known aids as fast as possible, especially 
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to the one problem of adjusting the stocking rates we will apply to range 
inventory forage data. 
In the past the determination of a stocking rate has often been based 
erroneously, though in good faith, on records of past use and an inaccur-
ate mental picture of good range. Subsequent detailed study has revealed 
that the selfsame range might fall into a poor classification on ecological 
bases, and actually may be in a downward trend due to a progressive soil 
loss and soil instability. 
Frc. 1. It should be a function of range inventory work to record the definite 
differences in condition in these two meadows. 
Range surveys have long been confronted with the problem of 
obtaining stocking rate figures which are taken from ranges in definitely 
good condition or computed for a definite upward trend in condition. 
Some investigators say that a safe stocking rate expressed as surface 
acres per animal month should be determined for each condition class 
within major forage types. Research agencies have developed such classi-
fications and have recommended stocking rates for some range types and 
vegetation climax groups. These are proving to be the practical approach 
to the stocking problem. 
But to what extent can range surveys incorporate the new concepts 
and truths in those types where no definite condition classes have been 
determined? It is unsafe to go beyond a very general rating for these 
types, and evidence is not available for assigning numbers of animal 
months or seasons of use until we know what the resistance and recovery 
potentials are for each forage climax. Our concepts of utilization 
standards and the proper use values we assign to individual species are 
likewise tied up with the variations in condition and direction of trend. 
To what extent may we rely on present values? 
Where range inventory work is concerned, either the condition 
classes and stocking rates must be well developed for the direct compila-
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tion of carrying capacities, or else the data obtained with use of the new 
concepts and indicators must be relegated to the more general function 
of aiding in the adjustment of stocking rates obtained from other sources. 
The methods employed in gathering condition and trend data in con-
nection with range surveys in the Blue Mountains of Oregon and south-
eastern Washington are described below. 
THE FIELD PROCEDURE 
The range inventory conducted by the Forest Service on the moun-
tain ranges of the Umatilla National Forest in 1947 employed the Recon-
naissance Method of Range survey and used the standard techniques 
recommended for estimating forage densities and vegetative composition. 
The examiners used aerial photographs in the field and drew forage 
types directly on the photographs. They used hand stereoscopes to study 
the terrain and to make general interpretation. In addition to the photos 
and the writeup sheets normally used, the men carried a supply of condi-
tion and trend analysis forms for use on open dry grassland types (Type 
1), and mountain meadows (Type 2). Whenever the men mapped these 
types in making their regular forage estimates, they remained long 
enough to make a writeup for the indicators of soil and forage condition 
on a check list developed for the purpose by the Regional Forester. See 
Figure 2. 
The idea of using a check list for a record of these observations has 
been developed by investigators in several ways and in each case there 
has been an attempt to facilitate a comprehensive study of as many of 
the elements of soil and forage condition as possible. The interactions and 
variations between the indicators are so varied and their influence on 
each other so interlaced that some simple method of recording the indi-
vidual items for deliberate study is needed. 
It will be seen on a moment's examination that this check list does 
not provide for qualifying a type into a particular condition class; it does 
however, develop definite answers on stability or instability in the range 
complex and provides for· analysis of the trend in condition. This treat-
ment was necessary because of the lack of fully accurate concepts of the 
ecological succession in the bunchgrass or timber range typical of this 
area. Excellent standards were at hand for the determination of condition 
classes on mountain-meadows using plant indicators and these were quite 
adaptable to the record form (2). Most of the bunchgrass types encoun-
tered in this survey were either on open, rather flat-topped ridges or on 
extremely steep south slopes. Elevation varied from 2,500 feet in the 
canyon bottoms to 5,500 feet on the flat-topped ridges. Topography can 
be characterized as rough because of numerous small canyons running 
back from the main drainages, and because of steepness of side slopes. 
In order to provide at least some basic information on the character-
istics of these dry grasslands, a very general description of the good class 
and the poor class was prepared from existing information on plant sue-
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RANGE INVENTORY-CONDITION & TREND, ANALYSIS FORM 
Project No. Examiner Date 
Type Location 
(Aerial Photo No. - Township & Range) 
Soil Condition Indicators 
Stability 
1. Normal density of cover ..... .. . ---
2. Normal litter of type ............ --
03. Invasion of openings by ...... .. ---
perennials. (List) 
0 4. Invasion of erosion pavement---
by perennials. (List) 
5. Soil remnants sloping sided .. ---
6. Healed gullies ...... ...................... --
07. Stabilized alluvial deposits .... ---
8. 
Instability 
9. Abnormally bare soil... ......... ---
10. Trampling displacement.. .. .... ---
(current) 
11. Abundant annuals ...... ...... ..... .. . --
12. Rill marks ................................ --
13. Active gullies ............................ --
14. Active gullies originating in .... ---
type. 
15. Recent alluvial depos'.ts ............ ---
16. Erosion pavement .................... ---
17. Soil remnants steep sid e:d .... ---
18. Recent rodent work ............. ... ---
19. Sheet erosion ...................... .... .. ---
20. Recent aeolian d:=posits ........ ---
Forage Condition Indicators 
Positive Value 
21. Desirable species abundant.. .. ---
22. Desirable species accessible .. ---
23. Desirable species vigorous .... ---
024. Desirable species invading .... ---
openings. (List) 
25. Desirable species reproducing 





29. Undesirable species abundant---
030. Undesirable species invading---
openings. (List) 
31. Undesirable species repro-.... ---
ducing. 
32. Browse hedged .. ..... ................ . ---
33. Browse high-lined .......... ........ --
24. Excessive utilization ............ ---
of undesirable forage species 
c5. Plant relics present ............. . 
(List plants) 
36. 
Emphasis for indicators: A (not exceptional), B (pronounced very strong) , C (very 
weak), blank (no observation). ( 0 ) Positive invasion determined by pnsimce of 
age classes. 
Does the type appear to have sufficient cover for soil stability? ....................... .. 
Is the type producing its maximum of forage? ...................................................................... . 
Percente:ge of bare ground surface covered by litter .. ....................................... ... ............ . 
What do the facts indicate as to trend in condition: 1. Soil... .......... .............................. . 
2. Forage ................. ... ...... .. ... ... .. .. 
FIG. 2. Sample form developed for the survey. 
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cession in the region, and from observations on study plots correlated 
with the judgment of range managers. The two condition extremes were 
described as follows: 
. 
Good Condition Plant Density .5 and up 
Bluebunch wheatgrass, Agropyron spicatum, is the most plentiful grass, Idaho 
fescue, Festuca idahoensis, is conspicuous. Sandberg bluegrass, Poa secunda, is pres-
ent as an understory and does not make up a conspicuous part of the stand. Weeds 
form a very small percentage of the cover. Good distribution of age cla£ses of the 
wheatgrass and fescue is present. 
Soil is stabilized. It is friable, contains humus. Litter from several seasons growth 
is present. Young plants of the key forage species are invading bare areas. Sandberg 
bluegrass is not on soil pedestals. Important grasses are vigorous. Accelerated ero-
sion is practically absent. 
Poor Condition Plant Density .1 
Bluebunch wheatgrass and Idaho fescue are greatly reduced in quantity and 
vigor and sometimes totally absent. Sandberg bluegrass is invariably the chief grass. 
Weeds such as yarrow, Achillea lanulosa, tarweed, Madia glomerata, eriogonum, 
Eriogonum SFP-, pussytoes, Antennaria spp., and wyethia, Wyethia spp., are very 
common. 
Litter is slight. Sandberg bluegrass occurs on pedestals 2-3 inches high above a 
fully developed erosion pavement. .ttills, small gullies and alluvial deposits are present. 
Few perennial grasses are found invading erosion pavement. Perennial weeds may 
be present. 
TRAINING THE CREW 
Armed with record fcrms, photographs, memoranda on basic type 
classification, and reminder lists for indicators of conditions and trend, 
the crew is equipped for field work. Up to this point however, no men-
tion has been made of training the men. Actually the training given a 
range inventory crew at the beginning of the field season is one of the 
most important phases of the project. Along with packing a great deal 
of new basic information into a few days of instruction, it is necessary at 
the same time to develop enough proficiency in the techniques of estimat-
ing and observing to get rea:;:cnable uniformity of judgment in a crew 
of men. One important skill to be developed is judging the density in 
percentage of ground covered and of judging the percentage of each 
species in the total vegetation. With the adoption of the condition and 
trend studies, the powers "of observation had to be carried beyond any 
previous degree of proficiency. 
It was not necesrnry to bring in new techniques of instruction or to 
use elaborate devices. A closely organized schedule was prepared to cover 
the subjects and to in:::lude as much practice as possible. The approved 
techniques adapted to many kinds of job instructicn, including the ele-
ments of (1) dis :::ussicn, (2) demonstration, (3) application, and (4) 
examination, were appliEd suc-:e:;:sfully. Training was in the field close 
to examples of many of the indicators studied, and the training tied in 
naturally with the range rnrvey rrocedures. 
There were six men in the crew. Of these, two were graduates in 
rc:nge managem2nt with past experiEnce in range survey work, two were 
students of range managemEnt with some background work in range 
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ecology and field experience in forestry, and two were wildlife technology 
majors with little or no training in ecology. Though their. experience 
background was varied and not too strong in the important matters of 
livestock husbandry, habits of grazing animals and ecology, they were 
all receptive to the theories of a delicately balanced range complex, 
believed in them, and tried to carry observations through to unbiased 
conclusions. Most of the indicators of range stability are objective and 
material things which the examiner can see and which are defined and 
pointed out in everyday terms; therefore, men with an interest in the 
work can learn the mechanics of the system rather easily. 
Probably the most ·important device or technique of instruction is 
that of drawing comparisons between what is seen and what is believed to 
be an optimum topmost position in the condition ladder. Attainment of a 
concept of good range is a goal to strive for, and the best way to reach it 
would, of course, be a chance to see undisturbed range in its pristine state. 
In the absence of good examples of the management objective, the 
instructors must call up skill enough to paint the word-picture of range at 
its best with soil stabilized, erosion scarcely visible, presenting goqd 
profile development, and supporting a maximum growth of the choiee 
forage species of the region. Very often some stage in secondary succes-
sion or upward trend can be pointed out by looking at study plots closed 
to grazing, or .by going to the inaccessible or unusable areas which have 
been subjected to very little or no grazing. The crew on this project 
worked with the latter kinds of study areas in the case of the open dry 
grassland types, and had a good opportunity to study all the main condi-
tion classes and indicator plants in the mountain meadows. It seems 
logical to assume that an opportunity to see good range in one kind of 
major type, such as meadow, does help the trainees to understand the 
probable appearance of good condition in another kind of type. This does 
not mean the adoption of the selfsame indicators for application to all 
types, but rather a development of the man's reasoning powers and his 
faith in the existence of an "ideal." 
In order to attain the desired uniformity in thought throughout the 
crew, it was necessary to take up each individual indicator element as a 
separate study and point-by-point identify and emphasize its true mean-
ing. This b~came a hands-and-knees phase of the instruction in which 
minute examination was made of sample areas and carefully selected 
examples. It was here that the greatest use of comparison was made and 
where differences of opinion were resolved. The size of the area examined 
varied with the locality, but on bunchgrass range the sample units were 
usually about one-half acre in size, selected to get a representative por-
tion of the type. The men moved freely over this sample area and after 
careful study recorded the degree of emphasis each element should have 
in the whole picture of stability or instability. As differences of opinion 
showed up between the men there was opportunity to point out clearcut 
examples of the particular indicator, tie it into a concept of the ideal, 
and in general increase the powers of observation in the men. 
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Following the writeup of a sample area the group discussed the facts 
to agree on the trend in condition as indicated, the significant points were 
weighed against one another, and a resulting decision was made. 
A summary of brief definitions based on the use of indicators in the 
Intermountain Region was used to preserve the identity and individual 
meaning of each of the elements used in the form. (1) 
1. Normal density of cover-as judged by a comparison with an area 
in good condition. 
2. Normal litter for type-as compared with an area in good con-
dition. 
3. Invasion of openings by perennials-new plants in bared soil 
where no erosion pavement has been formed. 
4. Invasion of erosion pavement by perennials-new plants on a bare 
area having definite erosion pavement. 
5. Soil remnants sloping sided-soil pedestals rounded and healing. 
Roots not freshly, exposed. 
6. Healed gullies-vegetation established on sidewalls and in bot-
tom. No recent cutting. 
7. Stabilized alluvial deposits-vegetative cover complete, peren-
nial plants, litter. 
9. Abnormally bare soil-as compared with an area in good condi-
tion. 
10. Trampling displacement, current-this year, soil moved by hoofs 
of livestock or game. 
11. Abundant annuals-weeds or grasses when they form a major 
portion of total vegetation. 
12. RiZZ marks-very small gullies. 
13. Active gullies-bare sides, recent cutting action in bottom. 
14. Active gullies originating in type-limited to those gullies actually 
starting in type. 
15. Recent alluvial deposits-soil picked up and moved short distances 
and laid down again right on the range. 
16. Erosion pavement-the small rock or gravel left at the surface 
of the ground as result of the erosion and removal of soil particle. 
17. Soil remnants steep-sided-vertical soil pedestals, exposed roots. 
18. Recent rodent work-soil disturbance, relative abundance, com-
pared with range in good condition. 
19. Sheet erosion-loss of top soil over extensive areas, rills, erosion 
pavement starting. 
20. Aeolian deposits- soil moved by wind to depressions or around 
plants. 
21. Desirable species abundant-in comparison with an area in good 
condition. 
22. Desirable species accessible-within reach of livestock. 
23. Desirable species vigorous-as compared with normal growth 
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Desirable species invading openings-presence of new plants one 
or two years old in openings. 
Desirable species reproducing-age classes present. 
Several years regrowth on hedged browse-growth after grazing 
has been reduced. 
Undesirable species abundant-weeds, annuals, species of low 
forage value-compared with range in good condition. 
Undesirable species invading openings-presence of new plants 
one to two years old in bare openings. 
Undesirable species reproducing-age classes present. 
Browse hedged-repeated removal of all current years growth to 
develop a twiggy, rounded appearance. 
Browse high-lined-absence of twigs and leaves on lower part of 
tall shrubs or trees to the height reached by livestock or big game. 
Excessive utilization of undesirable forage species-utilization of 
current years growth on undesirable species beyond what is nor-
mally taken under good range condition. 
Plant relics present-remnants of former vegetation. 
THE SUCCESS OF THE WORK 
The method was intended to be simple and adaptable to the recon-
naissance survey job as a whole. In effect, it was a reconnaissance of the 
state of health of the most important types. It was not a soils survey nor 
an exhaustive ecological study, but it did identify the key points signifi-
cant in the preparation of a management plan. 
Check sheets were prepared for a total of 139 bunchgrass types and 
for 59 meadow types. These types corresponded exactly with those map-
ped on photographs for the grazing maps. Eighty-seven of the 139 bunch-
grass types or about 63 per cent were definitely in poor condition, even 
by the extreme standards set up for the project. The remainder were 
judged to be fair, with densities between .2 and .4 and grass making up 
50 per cent or more of the composition. On the other hand, 60 per cent of 
the meadows were found in fair condition and many were in an upward 
trend. 
A number of interesting things were revealed during the course of 
the work, and among them were the purely "human" elements as well 
as actual difficulties in making the sheet work. Also, an encouraging uni-
formity of results has justified the use of the sheets in subsequent com-
pilation work. There are a few things to think about and to iron out. 
A downward trend in the soil condition accompanied by an upward 
trend in forage quality and volume was an observation made quite fre-
quently. The men had been fully instructed in the reasons why this might 
happen and they made the decisions with confidence and the exercise of 
good judgment. They recognized a lack of stability in the range complex. 
However, there seemed to be a persistent overuse of the term "static" 
to denote range on which the trend of condition was neither up nor down. 
This may have been caused by several things. The instructors, of course, 
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admitted the possibility that indicators might counteract each other so as 
to make trend very difficult to see, but there was no attempt to make 
"static" a category in itself. The men may have actually believed a static 
condition was indicated, but it was more likely that they turned to the 
general use of "static" in cases of doubt. They found it difficult to decide 
on trend when a great deal of variation in the type was encountered. They 
may have overlooked the shift in outside influences such as varying graz-
ing intensity, or other factors. They saw specific examples of conflicting 
things-soil disturbance, soil stability, poor plants invading, and desirable 
plants invading-to the extent that they sought an "average" interpreta-
tion and missed the few really significant signs. 
The adoption of a definite sampling technique using a predetermined 
size and frequency of study plots may be an answer and partial solution 
to the above difficulty. 
It is also probable that during the training period the men were not 
sufficiently impressed with the living and changing quality of the range 
complex. Follow-up instruction was carried on throughout the inventory 
season to some extent, and in some cases it was possible to point out 
reasons why the trend should be changed from "static" to downward or 
upward. 
The checksheet became easy to use as the men gained familiarity 
with the indicators and with their positions on the page. They were soon 
able to check off some of the elements which proved repetitious or weak 
in indicator value. For example, item 26 in the sheet was usually checked 
very weak wherever browse occurred. Item 20 was usually scratched 
because aeolian deposits were not common in the types surveyed. The . 
men began to depend on certain of the items for greatest indicator value 
and those having to do with "invasion of openings" were important. 
In a system of this sort there may be an urge to make the decisions 
on a purely numerical basis. Where indicators are quite obvious, as on 
very poor eroding sites, the marking shows up clearly for instability and 
negative forage value. The recorder is impressed by the preponderance 
of strong symbols on the bottom half of the sheet. If, on the other hand, 
he has a type in which the strong symbols are more inconsistent and 
scattered, he may be influenced simply by the longest list of strong 
points-whether it be for items of stability or for instability. An adding-
machine technique cannot be applied in this system because the indicators 
may have varying significance. A careful analysis is always necessary. 
The changes in floristic comp~sition and surface soil as the weeks 
passed and the survey progressed had some influence on the observations. 
Some of the annuals all but disappeared and it required real search to 
find and to reconstruct them. The tiny rills and alluvial deposits created 
by spring runoff lost their identity, due to drying and crumbling of soil 
and trampling of livestock. Bunchgrass cured and lost some of its appear-
ance of vigor, and the utilization of forage by livestock was important. A 
number of examples of change in the aspect of a type could be cited. 
These factors should be given some consideration in training and in later 
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check training. The progressive change due to advancing season affects 
forage volume estimates as well, and is provided for in the survey pro-
cedure. 
It has been encouraging to note that results of the work were consis-
tent. The men all used the plant indicators in very much the same way 
and saw the same plants. There was little confusion over how the work 
should be done. The sheets have served to put definite and comparable 
information in a simple form, and they have an excellent description value 
for permanent records. The data should be valuable for the application 
of protective and conservative stocking rates and should be used to 
demonstrate the improvements obtained from good management. In this 
survey they showed that many range areas are definitely in downward 
trend, and they also upheld the improvement which has started in some 
mountain meadows with reduction in sheep use. 
If follow-up inspections and studies are made on a few of the major 
type areas by the chief of party or by range managers who are widely 
familiar with the types in the a~ea, the extensive records made rather 
hurriedly by crew members will be substantiated and their reliability 
will be known. Providing these checks are made, the condition and trend 
of the range can be determined in range inventory projects with reason-
able accuracy. 
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EARLY RESEARCHES IN THE RELATIONS OF FOREST FIRES 
AND UNUSUAL WEATHER CONDITIONS, HUMIDITY, 
DUFF MOISTURE, AND INFLAMMABILITY1 
J. A. LARSEN 
From the Department of Forestry, Iowa State College 
Researches directed toward a discovery of the relations which exist 
between weather conditions and the intensity and rate of spread of forest 
fires date back to the years 1913 and 1914. Forest fires have destroyed 
millions of acres of timber, especially in the far western states. During the 
first two decades of the present century uncontrollable conflagrations 
had blackened large areas in California, Oregon, Washington, and Idaho, 
beginning with the Columbia National forest fires in 1902, sweeping over 
huge areas in Idaho in 1910 and again in 1919. Strangely enough, the in-
tervening years from 1911 to 1918 inclusive were marked by few fires 
and rather favorable or safe weather conditions. 
In view of the critical situation and the great disparity in the forest 
areas burned, forest officials eagerly sought to obtain information which 
would reveal what elements of or fluctuations in the climatic factors 
brought on these disastrous results. It is not strange therefore that the 
United States Forest Service appealed to the United States Weather 
Bureau for assistance in solving these problems, and that in 1916 the 
Forest Service sent to the various western forest experiment stations 
urgent appeals to begin forest fire weather research. During the years of 
their beginning, from 1910 to 1916, these stations had been equipped with 
fairly complete sets of weather instruments loaned by the Weather 
Bureau. 
FIRST ATTEMPI'S AT SOLVING THE FOREST FIRE-WEATHER PROBLEM 
An early report by Jesunofsky (2), is of interest in dealing with the 
state of weather preceding the very critical 1910 forest fire season. 
Jesunofsky states: "The principal agency ... was the great deficiency 
in rainfall 'over nearly the entire western country beginning early in 
spring and continuing throughout the summer months. The averages of 
the accumulated minus departures in precipitation over the upper 
Mississippi Valley during the consecutive periods from March to August 
29 were: -2.4 inches to April 25; -3.8 to May 30; -6.6 to June 27; 
1 Foresters throughout the United States are now fully aware of the intimate ar.d 
direct relations which exist between critical forest fires and low atmospheric humidity, 
for its realization has very significantly contributed toward a better. directed fire 
prevention and control program. The author is very happy to give credit to the men 
who did the early spade work on the project and to have had a share in this important 
line of forest research. 
[ 405] 
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-7.5 to July 25; and -9.5 to August 29. Deficiency for the upper Missouri 
Valley showed - 7.4 inches, and the Rocky Mountain region -3.1. (In 
this article nothing was said about wind, temperature, relative humidity 
or pressure as contributing causes.) 
. The United States Weather Bureau responded with reports from 
E. A. Beals (1) and H. E. Williams (9). Beals, being then in charge of the 
California section of the Weather Bureau, stated that forest fires could 
be averted or better controlled if the winds could be foretold, especially 
by a study of the types of winds, their direction, and inward and upward 
movements; that the forecaster should be able to predict the general 
movement of the air over a large area, and that the forest ranger on the 
ground could apply this information locally. Beals said that the Hinckley 
fire of 1894 in Minnesota was preceded by two months of drouth, culmin-
ating in high temperature and pressure with strong winds blowing toward 
a low area; that during the Columbia National Forest fire in 1902 the 
winds blew westward from a high pressure area over the Columbia 
Plateau, and that the thermometer reached 90° on the western slopes 
of the Cascade Range, with a progressive decrease in the relative humid-
ity. Preceding the disastrous fires in Idaho in August, 1910, there were 
long periods of drouth and high temperatures, but not much wind move-
ment. Beals did not discuss wind movements generated by the fires 
themselves. He recognized that low humidity accompanied fire-weather 
but did not impute special importance to this as a factor. 
Williams (9) , who installed weather instruments on several moun-
tain lookouts in California from 1913 to 1915, stated that the records were 
taken every three hours. These included wind direction and velocity. In 
his report we find these prophetic remarks: 
"The diurnal range in temperature in the mountains is considerable, 
and it is well known that at night, when the temperature approximates 
the dew-point and the relative humidity is high, forest fires lose much 
of their energy . ... The condition of the humus ( dtiff) on the forest floor 
is a matter of vital import. No serious fire may be expected until after 
it has become dry." 
He considered drying winds and very warm weather the two most 
potent causes and he noted, "A north or northeast wind causes a decided 
drop in humidity in California, and a rapid drying of the forest floor ... 
the reverse being true of the west wind .. . . Low pressure and low humid-
ity accelerate evaporation." Williams has, therefore, definitely pointed to 
the influence of moist air on lowered inflammability on the forest floor. 
Palmer (7) , commenting on the unfortunate forest fires situation in 
California stated: 
"The fire-weather warning service was inaugurated in the Pacific 
Coast states in 1913 on the recommendation of the district forecaster E. 
A. Beals .. .. Zones of marked hazards from lightning are due partly 
from mineral deposits, soil variations, and a~titude. Drouth is a pre-
requisite of a forest fire , high winds, partly because they accelerate 
evaporation, but principally because of their fanning effects, are second 
only to drouth as a contributing factor. Hot northerly, desiccating winds, 
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characteristic of the front portion of an anticyclone, are the most trouble-
some predisposing cause of forest fires in California. During the summer 
months the weather of California is dominated by the great North Pacific 
High. For this reason the surface winds are local in origin while the 
upper air is almost stagnant as far as horizontal currents are concerned 
. . . . When anticyclonic conditions are well developed the resulting 
surface winds are from the north or northeast, the direction of the most 
dangerous fire-winds of the state. Partly because of their excessive dry-
ness, but principally because of their fanning effect, these winds are 
the most dreaded by the foresters ." 
THE INFLUENCE OF CYCLONES AND ANTI-CYCLONES ON FIRE 
WEATHER IN THE PACIFIC NORTHWEST 
The summer of 1919 became one of the worst in the northern Idaho 
fir e history. With precipitation far below normal throughout July and 
August, there occurred several dangerous peaks of hot weather, greater 
than ordinary wind movement, and low daily relative humidities. Two 
such periods occurred in July and two in August. As the period July 
11 to 20 progressed toward a climax, the thermometer registered an 
increase from day to day with a corresponding drop in the relative 
humidity for each afternoon. Records from August 10 to 19 show the 
same progression. During both of these periods the lowest humidity drop-
ped to 10 per cent and marked the climax of a very serious fire situation. 
The more complete record for Spokane, Washington, fifty miles to 
the west and on the eastern border of the Columbia Plateau, are given 
here in greater detail. They reveal for July and August, 1919, several 
unusual approaches of dangerous forest fire weather spanning periods 
of eight to ten days culminating in rather high wind and temperature 
and ver y low air humidity. The buildup from August 10 to 20 is given in 
Table 1. 
TABLE l 
\ VEATHER Co ' OITIO 'S AT POKANE, \ VASHI NGTON , Aur.UST, 1919 
Date 
l 0 I I 12 I 13 I 14 I 5 16 17 I 8. I 19 20 
Max. Air Temp... 88 91 86 I 76 I 81 84 88 92 95 I 89 88 
P ressure (inches) . 27.88 27.84 27.9-l , 27.98127.06 27.99 27.86 27 .88, 27 .98, 28.02 mo 
-------+-- -1---t---: 














5 (m.p.h.) . . . . . . . 2.5 5.4 11.2 11.0 I 3.3 3.o 
Wind Max. ~ I I -w;~:·' ·" ·l ..... .. ~ , " J ,, I 21 12 12 10 8 17 19 _ 
(d irection) . . . . N NW SW W E NE E E W W S 
Cloudiness . . . . . . . I - _ 5_· _ 1 ___ 7_\~~-l---'--1 - -'--5- --3--'-_1 ___ 4__ 1_-
• Augu t 18 a nd 19 were ma rked by ver y low humidi ty and high wes t winds. Th is 
was a period marked by ma ny ra pidl y spread ing forest fires. 
~ 
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In the summer of 1919, weather instruments were placed on four 
different mountain lookouts in northern Idaho with the idea of obtaining 
records of wind velocity and direction, air temperature, and relative 
humidity, in order to correlate these with forest fires in the region 
(Larsen, 3). Some of the conclusions are as follows: 
!'The data obtained revealed that in Idaho the westerly winds carried 
in drier air than the easterly. This was the reverse of observations in 
California and Oregon. The explanation is that the west winds in Idaho 
traversed the treeless and partly barren Columbia Plateau and the 
Snake River Valley where low humidity and scant precipitation occur 
in summer. The easterlies from Montana passed over more uniformly 
forest-covered land and areas which register higher summer humidity 
readings. The monthly minimum relative humidity readings give 20 
per cent for the Intermountain area and 25 per cent for Spokane, but 40 
per cent for Miles City in eastern Montana. Humidities at Portland, 
Oregon, and other points west of the Cascade Range also record higher 
values than anywhere in the Intermountain region. 
This study revealed further that temperature and humidity fluctuate 
less at the high stations than low ones in the same territory, and that 
the danger from high winds in the elevated mountain areas is greatly 
counteracted by an increase in the atmospheric humidity. Critical con-
ditions are reached in the lower valleys on warm, sunny days occasioned 
by low humidity and high winds. Many forest fires which rage unabated 
on lower slopes have been observed to slow down and become easily 
controlled at higher elevations. 
It should not escape our attention that all of these men who hitherto 
h~.d given thought and study to the fire situation fully realized that winds 
coming from the north and northeast toward California brought high 
temperatures and low humidity. In Idaho, on the other hand, winds 
blowing from the west and southwest brought about the most critical fire 
conditions. 
ASSISTANCE REQUESTED 
In 1916 the appeal went out to the United States Forest Experiment 
Stations to begin studies on these problems, and the following suggestions 
for approach were made: 
A. Division of the nation's forest regions into climatic units, on 
the basis of differences in air temperature, precipitation, forest 
types, etc. 
B. Study of the possibility of predicting the approach of danger 
conditions by the use of one or more easily obtainable factor, 
moisture of surface litter, etc. 
C. Collection in all districts of adequate meteorological data for 
use in fire protection and fire studies. 
D. Study of weather conditions which are dangerous and the 
possibility of predicting such conditions. 
-E. The relation ·of local climatic phenomena, such as winds, etc., 
to regional conditions. 
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F. The rate of spread of fires under various conditions of 
weather, topography, and cover. 
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The Washington office also recommended the division of the large 
regional forest areas into smaller climatic units, as a necessary preliminary 
to much of the other fire studies, stating: 
"It will probably be found that the seasonal variations of the climatic 
factors is a more important guide than the total quantities . . . . Care 
should also be exercised in allowing for different elevations and forest 
types .... It will be necessary to pick out some one very simple factor, 
resultant of all the climatic factors which influence hazard, and determine 
the relationship of the resultant factors in the various forest types of 
a given climatic region, (unit). A factor suggested is moisture of surface 
litter which is a resultant of precipitation, temperature, humidity, 
evaporation, and wind movement. When samples are taken, inflam-
mability tests can be made. The correlation of forest fires and weather 
records involves the parallel study of fires and weather records for 
definite localities in order to determine which of the predictable climatic 
phenomena has a direct relation to fire danger or indicates a means of 
predicting such relations. The rate of spread of fires must deal with 
variations in forest cover, topography, and weather." 
Clearly, there could be no doubt but that these statements referred 
in some measure to the articles from Beals, Williams, and Munns. 
The following additional notes arrived later from the Washington 
office, classifying destructible resources as follows: 
1. Merchantable timber; 2, immature timber and repro-
duction; 3, forage; 4, watershed values; 5, improvements by 
man; 6, soil values; 7, recreation values. The factors which 
affected the spread of fires were considered as: A . Inflam-
mability, which included topography, forest cover and ground 
cover; B . Climate; C. Control ability, which in addition to A in-
cluded accessibility; and D. Safety, embracing available man-
power, food supplies, transportation facilities, etc. 
Pursuant with the above requests and suggestions, studies were 
begun by S . B. Show (8) in California, and J. A. Larsen (4) in Idaho. 
Munns (6) had already begun correlation work in southern California. 
To the best of the author's knowledge no studies in these lines were 
undertaken at the other western forest experiment stations or districts. 
The author asked the director of the Wind River Station in 1919 what 
had been done in fire-weather studies in Washington and Oregon. The 
answer was, "Not a thing." 
The studies made by Munns (6) embrace correlation of vapor 
pressure, evaporation, and fire danger. He obtained weather records at 
the Converse Forest Experiment Station at 6,000 feet elevation in the 
San Bernardino Mountains, California, for 1915 and 1916. The vapor 
pressure data were gathered at various Weather Bureau stations in 
California. At the outset Munns stated that evaporation was the resultant 
of air temperature, wind, and relative humidity; that each one of these 
was able to increase the rate of evaporation, either by their single or 
410 J. A. LARSEN 
combined influence; that with an increase in the rate of evaporation the 
number of large fires increased and the size of the individual fire greatly 
augmented. When the rate of evaporation decreased the area burned was 
decidedly less. Munns said that the occurrence of fire~ and the rate of 
evaporation did not follow the course of relative humidity because the 
latter is a very changeable and unreliable factor except for the immediate 
period when it is determined, although it does follow temperature in 
its general trend. 
In search for a meteorological factor which would permit correla-
tions with fires, he came to the conclusion that there was enough 
correlation to make certain that vapor pressure was the big factor 
influencing evaporation, and therefore the spread of fires, and that the 
changes in the vapor pressure are more gradual than those of relative 
humidity. Attention was also invited to the fact that the periods during 
which the north and east winds occurred were those in which the largest 
fires and those most difficult to control were experienced. These are 
essentially desert winds coming from the arid Intermountain region of 
the West. They occasion rapid evaporation and a rapid spread of fires. 
In response to the request for studies of the regional climatic units, 
Larsen and Delavan (5) made an exhaustive compilation and summary 
of all the forest fires and climatic records for Montana and northern 
Idaho from 1909 to 1919, inclusive. These set forth the total numbers of 
fires which had occurred within each of the seven subregions in that 
decade, with records of precipitation for safe and for critical seasons, 
the areas burned and the associated air temperatures, precipitation, 
wind, and relative humidities. 
In 1910, a summer marked by the very worst fire season, the pre-
cipitation deficits began in May and continued with increasing departures 
below the normal for June, July, and August. Another contributing 
cause was the early disappearance of snow in the mountains. 
From 1909 to 1919 there were about 10,000 national forest fires 
in Idaho, north of the Salmon River, and the state of Montana combined. 
Of these the Idaho section had 5,116 fires, and the very much larger 
territory of Montana, 4,813 fires. On the basis of the areas burned per 
100,000 acres the Idaho units had 68,478 acres burned, and the Northwest 
Montana forests had 19,332 acres burned. The other more easterly 
Montana units showed areas from 1,000 to 8,000 acres burned per 100,000 
units. 
CORRELATION OF FIRE-WEATHER, DUFF MOISTURE AND INFLAMMABILITY 
Show (8), in 1919 focused his attention on the ignition point of the 
needle duff on the forest floor, the seasonal march of the evaporation, and 
the rate of spread of surface fires under varying wind velocities. He stated 
that the ignition point of the duff was reached when its moisture content 
went below 8 per cent of its dry weight, and that the flame would then 
continue to spread. The moisture loss of the duff was very rapid under 
the summer sun, on southerly slopes, but much slower in the shade and 
on north aspects. Wind, temperature, and evaporation culminated in 
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maxima each afternoon. Under conditions of zero wind movement the 
perimeter of the test area burned each five minute period was assumed 
as zero; with wind at one mile-per-hour the perimeter was 32 feet; with 
a four mile-an-hour rate it was 120 feet; with nine miles, 285 feet; and 
with twenty-five miles, 715 feet. Show concluded, therefore, that the rate 
of spread of the surface fires (at the beginning of a forest fire, before it 
began to travel through the crowns of the trees), varied as the square 
of the miles-per-hour of the wind movement. 
In the course of these tests, although Show did not place special 
stress on the influence of relative humidity, he made the statement that 
air-dried litter had the property of taking up moisture from the air, 
chiefly at night, to the extent of from 5 to 6 per cent of its bwn weight. 
This means that an increase in the relative humidity of the air, which 
comes with a lowering of the temperature, imparts moisture to the duff 
because of its hygroscopicity and thereby lowers its inflammability. ...._ 
At the Priest River Forest Experiment Station in northern Idaho, '-
Larsen ( 4) began weather and forest fire studies with duff moisture 
determinations and ignition tests in 1916. An attempt was also made to 
correlate dangerous fire-weather conditions with general regional climatic 
variations, by noting the influence of high and low pressure areas which 
passed over the state from west to east. The following are condensed 
abstracts from the first progress report: It was found that the needle 
duff under the evergreen forest would not burn with a flame unless its 
moisture content went below 8 per cent of its dry weight; that this 
ignition point was reached sooner on exposed aspects than under the 
forest cover; that the rate of drying depends largely upon the climatic 
factors and the aspect, degree of exposure, amount of cover, etc., being 
most rapid on the southwest exposure. The greater the initial moisture 
content of the duff the steeper was the descending desiccation curve 
during the drying out period. In the weekly comparisons it was found 
that the amount of moisture in the duff samples fluctuated according 
to air temperature, sunshine, and evaporation. The wind increased with 
the rise of temperature during the day, but also on the approach of rain 
associated with the low pressure areas. 
During the season of 1917, daily instead of weekly correlations 
were made of air temperature, relative humidity, wind, evaporation, 
and precipitation. It was found that the curves which showed duff 
moisture conditions also followed and lagged behind those of the relative 
humidity, but the drop in the duff moisture curves was very much 
steeper, though less fluctuating than those of the relative humidity. The 
descending duff moisture content curves went lower and lower each 
day subsequent to rain until they assumed a nearly horizontal position 
at their minimum values. However, these same curves rose again on the 
approach of cloudy weather and increase in the relative humidity of 
the air-even before rain had actually fallen. Here then, was a direct 
proof that moisture was absorbed and inflammability decreased by an 
increase in relative humidity of the atmosphere. Some of these relations 
are clearly shown by the data given in Table 2. 
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TABLE 2 
R ELATIONS OF R ELATIV E HUM IOITY AND DUFF MOI STUR E, .J UNE AXD .J ULY , 1947 
Rela tive 
Precipi - Humidity Duff 
J>eriod Days lation 5 P.M. Moisture 
(i11ches) (j1erce11tage) (percentage) 
6/ 23-6/ 26 ... ........ 3 0.87 63 .0 64.4 
6/ 26-6/ 27 .. l 0.0 26.0 . 34.4 . . . . . . . . . 
6/ 27- 7/ 2 .. . ..... .. . .. 5 0.0 62 .0 14.4 
7/ 2-7/ 5 . ..... ........ 3 0.0 39.0 10.2 
. 
7/ 5-7/9 ...... . . . ... . . 4 0.0 39.0 15.7 
7/ 9-7/ 12 .... ......... 3 0.0 25.0 8.3 
7/ 12- 7/ 16 .... . . .. . .. . 4 0.0 24.0 10.0 
7/ 16-7/ 19 . . ... . . ... .. 3 0.0 35.0 4.5 
In order to test more closely the ability of pine needle duff to absorb 
water vapor from the atmosphere hygroscopically, such samples were 
gathered from the forest floor, oven dried, and placed in wire baskets 
on the laboratory floor overnight in summer_ The doors and windows of 
the building were left open to admit the night air. Thus there would be 
little danger of overnight increase in moisture from dew or rain. At 
8 o'clock in the morning on several occasions the moist air had found its 
way to the duff in the baskets, which then gave an increase in weight 
over that of the previous evening. An increase was also observed in the 
relative humidity of the morning air within the building. 
Burning tests were made of oven-dried duff both in dry and in 
moist atmosphere outside of the laboratory, and from these it was dis-
covered that the height of the flame and the rate of consumption of the 
dry duff samples were identical in both dry and humid atmosphere. 
When, however, the duff samples began to abosorb moisture from the 
damp air, as indicated by increase in weight, the rate of incineration 
and the height of the flame were reduced. 
The difficulty attending the statistical correlations arising from the 
wide moisture fluctuations in duff from the forest floor has been over-
come by H. T. Gisborne by the use of logarithmic paper and the use of 
standard samples of western yellow pine wood, which also possess 
hygroscopicity, but of a less fluctuating oscillation than needle duff. 
[ SUMMARY 
/ / It may be stated that correlation of critical forest fire situations and 
weather conditions was the subject of study by several members of 
the United States Weather Bureau and research men at a few of the 
western forest experiment stations previous to 1920. These endeavors 
mark the beginning of such studies in the United States. Up to the year 
1920 the following facts seemed fairly well established: Unusual and 
critical forest fire situations develop during prolonged periods of sub-
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normal precipitation-especially from spring and leading into the mid-
summer months; winters with scant snowfall, when followed by low 
spring rainfall, greatly intensify the hazard; periods of anticyclonic con-
ditions produce dangerously dry winds when they travel from the Inter-
mountain desert areas either toward the Cascade and Sierra ranges or 
toward the northern Rocky Mountain or Bitterroot ranges in Idaho; 
high temperatures and the associated low relative humidity connected 
with the anticyclonic movements produce rapid evaporation of moisture 
from the duff in the forest and a general increase in inflammability and 
rate of spread of forest fires. The great heat associated with large forest 
fires naturally lowers the atmospheric humidity, and creates strong 
wind which is no small factor, in fanning and spreading forest conflagra-
tion. (The evidence of long rows of unburned but broken trees pointing / 
inward to the burned areas is a mute testimonial to the strong rush and/ 
force of the air toward large areas on fire.) 
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EVALUATION OF TREE RISK IN THE SPRUCE-FIR 
REGION OF THE NORTHEAST 
THOMAS F. McLINTocK 
Northeastern Forest Experiment Station, Bangor, Maine 
In attempting to find possible means of combating recurrent epi-
demics of the spruce budworm 1 in the Northeast, research has shown 
that forest management has considerable promise. Reduction in the 
proportion of balsam fir to spruce and attainment of the highest possible 
proportion of rapidly growing trees are expected to result in a le.ss 
severe outbreak and a higher percentage of recovery following defolia-
tion. These principles of silvicultural control have been discussed in 
detail by Graham and Orr (2), Balch (1), Westveld (5), and McLintock 
(3). 
The recommended practice, now being tested on a large scale in 
the spruce-fir region, is a single tree selection system on as short a 
cutting cycle as possible-no longer than twenty-five years and prefer-
ably fifteen or twenty, or even shorter if feasible. This, of course, means 
marking the trees to be cut, and requires a considerable degree of care 
and skill in selecting the trees to be left for the next cut. Thus the need 
for a simple tree classification to enable rapid ocular evaluation of rela-
tive "risk" of spruce and fir of different size, age, and condition becomes 
immediately evident. While in many cases decision to cut or leave a 
tree will be clearly indicated by its size, presence of defect or damage, 
overmaturity, etc., there are as many borderline cases where more 
careful consideration of the factors that influence growth is called for. 
An early attempt at such a classification was made on . the basis 
of vigor as expressed by external features that were indicators of vigor, 
or growth rate, in the tree. Thus, a Vigor I spruce or fir has a dense, 
well developed crown, usually-but not necessarily-symmetrical, with 
foliage and bark color typical of a healthy tree. It shows no evidence of 
disease or other damage and is making rapid lateral and terminal growth. 
Vigor II trees are usually of two types; those of good form and in 
apparently healthy condition, but making considerably less terminal 
and lateral twig growth than the Vigor I; and those making good twig 
growth, but having rather thin, poorly developed or one-sided crowns. 
Vigor III trees are those with markedly poor crowns, whether because 
1 The spruce budworm (Archips fumiferana Clem.) is a defoliator, feeding 
principally upon balsam fir (Abies balsamea Mill.), white spruce (Picea glauca 
Moench), and red spruce (P. rubens Sarg.). Epidemics seem to run in 30- or 35-year 
cycles, the last outbreak having been between 1910 and 1920. At that time, stumpage 
conservatively estimated at 100 million dollars was destroyed in Maine alone. The 
current outbreak now devastating the forests of Eastern Canada again threatens 
the Northeast. 
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of slow terminal growth, overmaturity, sparse or yellowing foliage , trunk 
or crown deformity or damage, or any other physical manifestations 
of an unhealthy or dying tree. 
Arbitrary limits of diameter growth for five- and ten-year periods 
believed to coincide with these vigor classes were established, following 
examination of about 1,800 spruce and fir increment cores (Westveld, 4). 
Field checks were then carried out to determine the actual degree of 
correlation between appraised vigor and actual growth. It soon became 
apparent that one or two other factors often exerted more influence upon 
growth than the characterW>tics of vigor enumerated above. For example, 
since spruce and fir are both tolerant species, a tree with all the features 
of a Vigor I but intermediate in crown class frequently had the growth 
rate of a Vigor II. Similarly, a dominant or co-dominant with a high 
crown ratio often made diameter growth typical of a Vigor I , although 
appraisal on the basis of external characteristics made it Vigor II. It 
was observed that the vigor characteristics were most dependable 
when applied to trees up to the point of maturity. As the trees reach 
maturity, the appearance of bark and foliage becomes less reliable as an 
index of growth. At the same time, the position of the tree in relation 
to sunlight (crown class) and the relative extent of its food m~nufactur­
ing plant (crown ratio) exerted more influence upon growth. 
Growth records confirmed the basic assumption that in general, 
on a given site, growth rate varies directly with the level of vigor, crown 
class, and crown ratio. Table 1 presents five-year diameter growth 
averages measured on increment cores taken from 188 balsam fir and 
300 spruce, classified according to the three criteria mentioned. For 
TABLE I 
FtVE· YEA R DI AM ETER GROWTll FOR 51'RllC£ AND FIR , VERAGE FOR C ROW ' CLASS, VtGOR, AND 
C ROW N RAT IO 
I tem 
Crow n ra tio : 
High (7- 10) ... . .. . .. . . .... . . . . . .. . . .. . 
Med ium (4-5) ... . .. . ... . . . . . . ... . . .. . 
L ight (l - 3) . .. . . .. ... . .. . ...... . . .. . . . 
Vigor: 
J . ... . . .. . . ... . . . .. . . . .. . ... . .. . ....• . 
JI . . . .. ... . . .. . . .. .... . . ... . . ... . . . 
III . . .. .. .. ... . . . . . . . ... . .... ....... . 
Crown class: 
Dominant and co·dominan l. . . . .. .. . . . . . 
In term ed ia te .. . .. . . . .... . ... . . . . ... .. . · 
O vertopped . . . . ... ... . . .. . .. .. ... . . . . . 






















convenience, crown ratio has been expressed in whole numbers rather 
than per cent (i.e., crown ratio of 4 means length of living crown is 40 
per cent of the total tree height), and has been divided into three levels, 
as indicated in the table. 
TREE RISK IN THE SPRUCE-FIR REGION 417 
However, in practice the concept of relative growth rate is associated 
with interactions of different crown classes with different levels of vigor, 
and with interactions of both of these with varying degrees of crown 
ratio. No one of the three taken individually provides as reliable an 
estimate of relative growth rate as all three considered as a complex. To 
p ermit evaluation of the relative rate of growth of two adjacent trees 
to determine which is the better risk, the combined values of the three 
must be considered. Thus in Table 2, diameter growth averages have 
been refined to represent each factor in terms of the other, and at each 
level. 
TA BLE 2 
F IVE-YEAR D IAM EH::R G ROWTH FOR PRU E AND FIR, S HOWING l NTERACT ION OF CROWN C LASS, 
V1r.OR, AND C ROWN R ATIO 
Crown Cla£s 
Reel Spruce I Ha Isam Fir 
Dominam Dominant 
Vigor and and Co- Jnter- Over- and I n ter- O ver -
Crown Ra tio Dom inant med ia te Topped Co-Dominant mediate T opped 
(Tnches) (In ches) (Inches) (Inches) (In ches) (Inches) 
Vigor l : 
CR 7- 10 . . ... . . . 0.73 0.64 0.76 0.86 0.60 .. . • 
CR 4-6 . . .. . .. .. .6 1 .56 . 38 .71 .57 0.55 
CR 1- 3 . . . .... . - .51 .24 . . .54 .. . .. 
Vigor JJ : 
CR 7- 10 . .. . .. . . .67 . . . . .65 . . . .. 
CR 4-6 . . . . ..... .58 .4 1 .34 .58 .53 .37 
CR 1- 3 . .. . .. . .. .44 .'59 .33 .55 .46 .24 
Vigor III: 
CR 7- 10 ... . .... . . . . .. . . .. . .. 
CR 4-6 .. . . ... .. .60 .24 .15 .59 .37 . . . 
CR 1- 3 ......... .30 .1 4 .14 . . .14 .12 
• Bla nks indicate fewer than four samp le trees. 
The limited scope of the data, however, and the fact that no provision 
has been made for differences in growing sites, do not allow literal 
interpretation of the growth averages. The means can be accepted and 
used in a relative sense only, and not as indices of absolute growth. This 
does not constitute a weakness in the present summary as only a relative 
evaluation is desired. The alignment of growth averages in both Tables 
1 and 2 merely confirms the original hypothesis that a dominant tree is 
generally a better risk than an intermediate, a Vigor III a poorer risk 
than a Vigor II, and so on. 
It now r emains to simplify this scale one step further to provide a 
rule quickly and easily applied in the field by the man with the marking 
ax or paint gun. At the present stage of our knowledge, it must be 
assumed that an equal influence upon growth is represented by the three 
variables: vigor, crown class, and crown ratio. Thus we may say that 
on the same site a Vigor III fir , intermediate in crown class, and with 
a crown ratio of 7, can be expected to have approximately the same 
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growth rate as a Vigor I fir , overtopped, and with a crown ratio of 4. 
In other words, corresponding levels of each variable express the same 
relative growth rate. A simple "rating" system may be set up by which 
a tree is given from one to three "poµits" for its position in the scale 
of each of the variables, as follows: 
Rating in points 
Variable 3 2 1 
Cr own class .. . . . . . . . D. and co-d. Intermediate Overtopped 
Crown rat io ... . . . ... 7- 10 4-6 1-3 
Vigor . . ... . ... . . . . . . I II III 
The first tree mentioned above would be rated one point for vigor, 
two points for crown class, and three for crown ratio, a total of six. The 
second tree would be rated three for vigor, one for crown class, and two 
for crown ratio, again a total of six. 
With this as a basis, all growth measurements were pooled for spruce 
and for fir, and each tree was rated according to the system just described. 
Then mean diameter growth was calculated by species for each numerical 
rating. The results are shown in Table 3. 
TABLE 3 
FI VE · YEA R DIAMETER G ROWT H 'FOR S PRUCE AN O FIR, B ASED ON COMPOSITE RAT ING O F CROWN 
CLASS, VI GOR. AN D C ROWN R ATIO 
Numerica l 
R at ing 
9 .. . . .... . . . . .. . . . ...•.. 
8 .. . ... . .... . . . . . .. . ... . 
7 . ..... . . . . . . . . •...... . . 
6 .. . .... . •... .. ..... ' .. . 
5 ... . ...... ' . . .. . .. . ... . 
4 ... ' • . .. .• • . . . . •... . . • . 
3 .' . ..... ' ... .. . ' ' ..... . 
Balsa m Fi r 
N um ber 






































It is again emphasized that a high degree of accuracy is not claimed 
for this rating scale, but it serves the purpose for which it was intended: 
to permit on a given site relative evaluation of tree risk, as expressed by 
growth rate, by means of three easily estimated variables. It is a working 
tool and guide for practicing foresters, timberland owners, and others 
who have occasion to mark spruce and fir for selective cutting. 
TREE RISK IN THE SPRUCE-FIR REGION 419 
LITERATURE CITED 
1. BALCH, R. E. 
1946. The spruce budworm and forest management in the Maritime 
Provinces. Dom. of Canada, Div. Ent. Processed Pub. 60. 
2. GRAHAM, s. A., AND L. w. ORR 
1940. The spruce budworm in Minnesota. Minn. Agr. Exp. Sta. Tech. Bull. 142. 
3. McLINTOCK, THOMAS F. 
1947. Silvicultural practices for control of spruce budworm. Jour. Forestry 
45:655-58. 
4. WESTVELD, M. 
1945. Diameter growth as a measure of tree vigor. Northeast. Forest Exp. Sta. 
(Unpublished manuscript.) 
5.---
1946. Forest management as a means of controlling the spruce budworm. 
J our. Forestry 44: 949-53. 

DIAMETER-GROWTH STUDIES OF NORTHERN RED OAK 
AND THEIR POSSIBLE SILVICULTURAL IMPLICATIONS 
l!AROLD F . SCHOLZ 
Lake States Forest Ex periment Station, Forest Service, Department of Agriculture, 
University Farm, St. Paui, Minnesota 
If some natural catastrophe suddenly befell all of the northern red 
oak Quercus borealis Michx. f. in southwestern Wisconsin, the total 
forest volume in most localities would be reduced by 60 to 80 per cent. 
No other timber species occupies a place of greater importance in the 
typical farm wood lot. This being the case, the many owners of small 
blocks of timber in the region usually are quite surprised to learn that 
comparatively little is known about the ecology or silvicultural manage-
ment of the oak forest type. 
A farm forestry research program under way in Wisconsin, Minne-
sota, Iowa, and elsewhere eventually should provide a sound basis for 
handling the extensive oak forests of the region. Pending the availability 
of data from controlled cuttings, foresters should not overlook the 
possibility of obtaining empirical information which may throw some 
light on this problem. 
Some observations of this character, entailing a study of the 
diameter-growth rates of northern red oak in four widely-separated 
stands of good density, are the basis for this paper. In three cases the 
measurements were taken on stumps concurrently with logging. In the 
fourth instance the data represent changes which have occurred on 
permanent sample plots over a fifteen-year period. 
The general objective of the study was to compare the diameter 
increment rates for northern red oak when this species occurred: (1) 
as single stems or small groups of trees in mixture with other more 
tolerant hardwoods, (2) as pure, or nearly pure stands of seedling or 
seedling-sprout origin, and (3) as pure, or nearly pure, stands of coppice 
origin. Some interesting differences were found which form the basis for 
the tentative conclusions presented here. 
PAST RECOMMENDATIONS FOR CU'ITING OAK STANDS 
A survey of the literature shows that the recommended cutting 
practice for the oak forest type usually is the shelterwood system or 
some modification of it (5, 6) . Korstian (6) suggests, however, that the 
older trees in uneven-aged oak stands should be removed, individually or 
in groups by selection cuttings. Locke, too, (7) favors the group selection 
cutting method as the one most likely to stimulate satisfactory regenera-
tion of oak seedlings. Other foresters (3, 4, 8) recognizing both its intoler-
ance and its aggressiveness feel that the key to managing northern 
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red oak successfully may be clear cutting in narrow strips or small 
blocks. Under New England conditions, Lutz and Cline (8) found that 
even when all young hardwoods forming the understory of old-field 
white pine stands were cut back to the ground to provide a uniform 
canopy of seedling-sprouts, northern red oak often assumed wolf-tree 
characteristics in a relatively short period after the pine overstory was 
removed. 
It is evident that there is no general agreement with regard to the 
best silvicultural system for managing the oak forest type. The dual 
objectives of management are, of course, production of the maximum 
increment of high-quality wood (1) and the establishment of a sufficient 
number of oak seedlings and seedling sprouts to perpetuate the species 
(2). 
COMPOSITION AND VOLUME OF OAK-NORTHERN 
HARDWOODS TRANSITION TYPE 
In the region in question the mixed-oak type ordinarily occurs as 
nearly pure even-aged stands. There is one forest type, however, com-
prising a mixture of northern hardwood and central hardwood tree 
species which contains· considerable northern red oak of an uneven-aged 
character. As may be seen from Table l , sugar maple (Acer saccharum 
Marsh) occupies the dominant place in this association. American bass-
TABLE 1 
C OM POSITJO AND GROSS V OLUME OF U NDISTURBED MIXED-HARDWOOD STANDS, 
SOUTHWESTERN WI CONSI N 
Stand A• Stand Bt 
Species Bd. Ft. Percentage Bd. Ft. 
I 
Percentage 
per Acre of per Acre of 
(Scri bner) Total Volume (Scribner) Total Volume 
Suga r Maple . ... . 6,395 68.5 4,669 53.6 
orthern R ed Oak 901 9.6 2,3 10 26.6 
American Basswood 1,638 17 .5 380 4.4 
White Ash . . . ... 176 1.9 379 4.4 
Slippery Elm .. . . 138 1.5 299 3.4 
O th er ... .. ....... 92t 1.0 663§ 7.6 
T otal . ... .. .. 9,340 100.0 8,700 I 100.0 
• Loca tion : Craw ford County; Area : 80 Acres. Total basa l area per acre, 106 square 
feet; average D.B.H . of sawtimber stand : 14.8 inches. 
t Loca tion: Vernon County; Area: 52 Acres. T otal basal area per acre , 97 square feet ; 
average D.B.H . of sawlimber stand : 13.9 inches. 
t Butternut and white oak. 
§ Butternut, white oak, hi ckory, red maple, bigtoo th aspen, birch, and black cherry. 
wood Tilia americana L .; white ash Fraxinus americana L.; slippery elm 
Ulmus fulva Michx.; white oak Quercus alba L.; butternut Juglans 
cinerea L .; red maple Acer rubrum L.; hickory Carya cordiformis 
(Wangenh.) K. Koch; C. ovata (Mill) K. Koch; bigtooth aspen Populus 
grandidentata Michx. ; paper birch Betula :papyrifera Marsh.; yellow 
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birch B. lutea Michx. £.; and black cherry Prunus serotina Ehrh. account 
for the remainder of the volume. 
If stands such as these are to be managed by the selection system 
of cutting, they will tend to become even more uneven-aged. This means 
that some of the northern red oak will be subjected to crowding and 
partial overtopping at least for short periods. Similarly, upon being 
released, these trees must be able to recover quickly and grow at a 
normal rate. 
Of the species within this transition type, northern red oak usually 
is considered one of the least tolerant. However, its presence in mixture 
with shade-enduring sugar maple, American basswood, and slippery elm 
suggests that this particular species of oak can develop into trees of 
sawtimber size under conditions of considerable crowding so long as 
it is not permanently overtopped. 
ABILITY TO WITHSTAND OR RECOVER 
FROM CROWDING OR INTERMI'ITENT SUPPRESSION 
In 1943 Stand A (Table 1) was logged by a clear-cutting operation. 
This provided an opportunity to obtain total age and radial growth for 
some fifty-two northern red oak stumps. The weighted age of the trees 
represented by these stumps was 96 years. Upon this basis, their total 
mean age was estimated at 100 years. Subsequent site index determina-
tions showed that the oak had developed under conditions of average 
productivity. 
Twenty-eight % -acre permanent plots were established on Tract A 
prior to the time it was logged. A tally of the merchantable (9.6 inches 
d .b.h. and larger) northern red oak on these sample areas shows that 
they averaged 13.8 inches d.b.h. This compares very favorably with the 
14.1-inch average for co-dominant and dominant trees in full-density, 
100-year old, even-aged oak forests on sites of average quality ( 4). This 
may or may not be merely a coincidence. It does lead to speculation, 
though, as to whether the annual diameter growth of northern red oak 
on a specified site may not average about the same over a rotation as 
long as 100 years regardless of whether the species occurs in pure, even-
aged stands or as scattered, variable-aged stems in mixture with other 
hardwoods. Much more information will be needed to establish this 
point which obviously is very important silviculturally. 
One thing brought out in the analysis of the fifty-two northern 
red oak stumps is the apparent ability of this species to withstand pro-
longed crowding and subsequently to recover and grow at an accelerated 
rate (Table 2) ; Despite the occurrence of the oak as three distinct, 
although somewhat broad, age classes, the improvement of growing 
space with time is clearly evident in each case. Even the oldest trees, 
averaging 141 years in age, more than doubled their diameter growth 
rates during the last 50-year period prior to logging. While no final 
conclusions can be drawn from a single series of measurements, the 
presence of such a wide variety of age and size classes does suggest the 
possibility of managing northern red oak under some form of selection 
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TABLE 2 
MEA N AND P ERIODI C ANNUAL DIAMETER GROWTH OF NORTHERN RED OAK IN AN UNDlS· 
TURllED MlXED· HARDWOOD STAND, SOUT!IWESTERN WISCONSIN (STAND A) 
Item 
l. Number of Trees ....... . .. . 
2. D.B.H.-lnches 
Average .. . .... .. ... .. . . . 
Range .. .... .. .... . ..... . . 
3. Total Age at 2-foot 
Stump Height 
Average ... .. . . .. .. .... .. 
Ran ge . ...... . .... .. .. . . 
4. Average Diam eter of Swmp, 
i.b-lnches ... .. .. . .. . .. . 
5. Diameter Increment at a 
Swmp Height of Two Feet • 
-Inches ... ..... .. .. . . .. 
Mean annual . . . . . . . . . . . . 
Average Annual by Periods 
of Approximately Equal 
Lengtht 
Earl y period . . . . . . . . . . 
~·fiddle period . . .. .... 
Final period . . . . . . . . . . 
6. Relative Annual Diameter 
Growth, by Periods, at a 
Stump Height of Two Feet-
Percentage 
Earl y period . ......... . 
Middle period . .. ..... . 
Final period ... . .... . . 
General character of diameter growth during the 











































• According to Technical Note 198-C, Lake States Forest Experiment Station, Univer· 
sity Farm, St. Paul l , Minneota, the growth rates a t breast height would be about 92 
per cent of the d.i.b. values at a 2-Eoot stump height. 
t The length of the earl y, middle, and final periods, respectively were: For the eight 
"above average" trees--21, 20, and 20 years; for the twenty-eight "average" trees--20, 30, 
and 30 years; for the sixteen " below a verage" trees-<11 , 50, and 50 years. 
cutting. This premise will be explored further by studies of Stand B, one 
of the Timber Harvest Forests which currently are being set up for 
demonstration purposes by the State of Wisconsin. Fifty-three perman-
ent, l/5-acre sample plots have been established on this 52-acre mixed 
hardwood area. The past development of northern red oak and its response 
to various cutting intensities will be investigated in considerable detail 
as this tract is progressively logged. 
DIAMETER GROWTH IN PURE, EVEN-AGED STANDS OF GOOD DENSITY 
While Quercus borealis apparently can attain merchantability under 
conditions of temporarily severe crowding, this fact alone cannot be 
taken as proof that the species should be managed by the selection 
system of cutting. The following considerations, especially, weigh heavily 
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against such a conclusion: (1) the majority of the present-day oak 
wood lots, which came in more or less concurrently with early agricul-
tural settlement, occur as nearly pure, even-aged forests, and (2) there 
is more chance that the regeneration of northern red oak will be adequate 
for restocking in stands whose overstory is comprised largely of oak 
than in those forest mixtures which run heavily to tolerant hardwoods, 
especially sugar maple. 
Another argument in favor of managing mixed-oak forests by 
some cutting system which will result in an even-aged growing stock 
is the optimum character of diameter growth which occurs in such stands. 
The logging in 1944 of two oak sawtimber tracts of the foregoing descrip-
tion provided an opportunity to study diameter growth of eighty-seven 
northern red oak trees during the entire period of their development. 
One of these wood lots, Stand C, located in La Crosse County, Wiscon-
sin, was 85 years in total age (82 years at a stump height of 2 feet), had 
approximately 90 per cent of full density, was on a very good site, had 
an estimated gross volume of 18,000 board feet per acre, and was 
practically pure Q. borealis. The second tract, (Stand D) located in 
Sauk County, Wisconsin, was 100 years old (96 years at a 2-foot stump 
height), had roughly 95 per cent normal stocking, grew on a site of good 
quality, and had an estimated volume of 16,000 board feet per acre. It 
consisted of a mixture which in terms of sawtimber volume was 73 per 
cent northern red oak, 14 per cent bigtooth aspen, and 13 per cent 
red maple, American basswood, slippery elm, and white oak. Multiple 
· stems were rare in both stands, indicating that they were of seedling or 
seedling-sprout origin. The quality of timber from the two tracts was 
exceptionally high. Veneer logs comprised 53 per cent of the total 
merchantable volume in Stand C, and 44 per cent in Stand D. 
A summary of the average annual growth in diameter of Q. borealis 
in these two mixed-oak stands is presented in Table 3. Probably the most 
significant point brought out by this table is the fact that the average 
annual diameter growth rate during the early period, the length of which 
was about one-third of the total age of the stands at the time they were 
cut, was not strikingly different than the rates during the second period 
of their development. In other words, the individual stems of the over-
story suffered very little initial crowding. Another point of interest 
brought out by diameter-growth analysis is that the crown classes which 
the trees occupied at the time they were felled were probably the same 
ones they occupied during early life. This suggests that northern red 
oak asserts and maintains its dominance almost from the late-seedling 
or early-sapling stage. 
In order to duplicate tracts C and D silviculturally, it would be 
necessary to establish 1,200 to 1,350 seedlings or seedling-sprouts per 
acre during the ten-year period prior to the final cut. This assumes an 
initial stocking of about 75 per cent normal (4). The exact cultural 
treatment which will accomplish this goal is, of course, a moot question. 
However, it seems that the ultimate choice most likely will be either 
the shelterwood system, or clear cutting in very narrow strips or by 
small blocks. In case the shelterwood system is used, the data presented 
TABLE 3 
AVl:JlAGE A:'\NUAL DIA ~IEITR GROWTll AT S1U.\ll' Hl'IGllT, UY PERIODS,• FOR NORrllERN R ED 0 K IN Tll'O l'..V<. .~-AGLD, \ VELL-STOCKEn MIX ED-OAK 
STANDS, SOUTllWESTERN \ VI CONSIN 
Di ameler of Stumps, I 
i . b.- lnches Approximate I ~o. Mean 
Range A\·erage Croll'n of 
Class Trees (inches) 
----
Stand C:j: 
10-l I 13.4 iuppressed 9 .163 
15-18 16. I fntermediatc 16 .200 




10-1 4 13.J 5uppres·ed 8 .138 
15-l 16.7 Intermediate 15 .176 
19--30 22.5 Co-dominant 22 .233 
s:: dominant 
Total 45 
Diameter Growth at a Stump Heig 
Early Middle flnal 
Period Period Period 
(i11ches) (inches) (inches) 
--- -
.176 .198 .123 
.228 .2 11 .167 
.290 .291 .2 19 
-
.129 .130 .157 
.169 .185 .162 
.209 .25-1 .233 





























•The length of the earl) , middle, and final periods, respectively , for the two stands \\'as: Stand C-30, 25, and 27 years; Stand D-30, 35, 
and 31 years. 
t Diameter growth at cl.b.h. is approx imate!) 92 per cent of th e rate at a stump height of 2 feet. 
:j: La Crosse County, (Average age: 82 years). 
§Sauk County, (Average age: 96 years). 
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in Table 3 seems to indicate that the initial cuttings should be thinnings-
from-below which take out the slower-growing and smaller-crowned 
suppressed and intermediate stems. This would leave the most vigorous 
trees for producing seed, put the accelerated increment on the top-quality 
stems, and maintain sufficient crown density to check the invasion by 
woody shrubs and reproduction of unwanted tree species. 
GROWTH OF NORTHERN RED OAK IN SECOND-GROWTH COPPICE STANDS 
Clear cutting in narrow belts or by small blocks may prove to be 
one of the most effective methods for perpetuating mixed-oak forests. 
However, if this silvicultural system is used, coppice regeneration should 
be discouraged and seedling and seedling-sprout reproduction encour-
aged as much as possible. 
This conclusion is based on diameter measurements of twenty 1/ 10-
acre, permanent sample plots established in 1932 on a timbered watershed 
within the boundaries of the Upper Mississippi Valley Soil Conservation 
Experiment Station farm near La Crosse, Wisconsin. The history of 
this tract is somewhat obscure. At the time the plots were laid out, the 
forest cover consisted mainly of multiple-stemmed northern red oak, 
clearly of coppice origin. When the original field measurements were 
taken in 1932, the average age of the dominant stand was forty years. 
TABLE 4 
COMPO IT ION, AVERAGE D IAMETER . MORTA LITY, AND G ROWTH O.F A to- Y EAR-O LD l\11xrn-
0 1\ K STAND, LACROSSE COll;\TY, ' "' ' ONSIN 
To Lal Basa l Area per Acre 
Av. D.B.H . I I Present o[ All Trees Morta li ty Growing Stock 
Species 1932 1917 1932 (1932- 19l7) I 1932 19-+7 
---(in.) (i11.) (sq. ft.) (sq. fl.) (sq. fl. (sq. ft.) 
Northern red oak 6.5 8.4 64 .931 5.127 59.80 I 86.697 
Bigtooth aspen ..... 9.2 10.5 11 .037 8.787 • 2.250 3.639 
Paper birch ... .. . ' 4.9 5.7 5.1 19 2.684 2.43r, 2.919 
White oak .. .. .... 1.3 5.4 1.77 1 1.1 32 3.639 4.68 1 
Black walnut . . ... . 4.1 6.1 2.867 0.099 2.768 4.196 
Hickor}t . .... ... . . 3.0 3.6 1.210 0.43 1 0.809 0.992 
:\!isce ll aneous:j: .. . . 2. 1 4.7 0.580 0.092 0.488 1.50-1 
-- ---
Average . . . ... . .. .. 5.8 7.6 
Total . ... .. .. .. ... 90.545 18.352 72. 193 10+.268§ 
• Of this total 0.1 53 sq uare fee t was morta li ty and the balance of 8.634 square fee t was 
the 1932 ba al a rea of 13 trees wh ich were cu t in 191 L At tha t ti me they had added 2.386 
square feet of new growth . 
t Shagbark and bittern ut h ickory. 
:j: American elm Ulmus americana L.; boxeldcr Acer negundo L. and bu tternut. 
§This does no t incl ude 0.228 square fee t o[ in -growth consisting of 9 paper birch, 4. 
black wa lnu t, 2 buttern ut, 2 bigtoo th aspen, I boxeldcr, a nd I white oak. 
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Prior to that date, the tract had apparently been pastured heavily for 
many years; livestock have been excluded during the past fifteen years. 
Field determinations made in 1937 indicated that the site was of average 
quality. 
Table 4 shows the composition and total basal area per acre of the 
tract in 1932 and 1947. In terms of total square feet per acre for all species 
the stand was 96 per cent normal in 1932 and 94 per cent in 1947. 
The latter percentage figure would have been somewhat higher except 
for a minor logging operation which removed 13 mature, bigtooth aspen 
in 1944. The basal area of these trees at the time they were cut amounted 
to 11 square feet. 
The growth made by the La Crosse, Wisconsin, series of pl9ts has 
not been particularly encouraging (Table 5). It is evident that the 
average diameter increment during the past fifteen years is only 49 to 55 
per cent that of the mean rate during the first forty years in the life of 
the stand. Seemingly this northern red oak coppice has lost much of its 
early vigor at a period when stands of seedling or seedling-sprout origin 
are making their best diameter growth (see data for stands C and D, 
Table 3). Here again a single set of observations admittedly is not an 
TABLE5 
DIAMETER GROWTll UMMARY FOR 10RTHfRN RED OAK 
o. ApproximaLe D.B.H., i.b. 15-year Average annual diameter 
of crown class• in inchest increase growth at D.B.H., i.b. 
Lrees in 1932 193~ 1947 in diam. First 40 yrs. I LasL 15 yrs. 
I (inches) (inches) I (inches) 
29 ...... Suppressed 3.07 3.70 0.63 .077 .042 
89 ... . .. IntermediaLe 5.52 6.64 1.12 .138 .075 
80 ...... DominanL and 
Co-dominant 8.40 9.94 l.54 .210 .103 
•Suppressed trees ranged from l.6 Lo 4.5 inches d.b.h.; lnLermediatc trees ranged from 
4.6 Lo 7.5 inches d.b.h.; and dominant and co-dominant Lrees ranged from 7.6 to 15.6 inches 
d.b.h. 
t Obtained by Deter's (3) formula: D.B.H., o.b. 
1.115 
adequate basis for any general conclusion. Nevertheless; the rapid 
falling off of diameter increment in the Upper Mississippi Valley Erosion 
Experiment Station stand does raise a question as to whether first- or 
second-generation coppice is a satisfactory growing-stock for producing 
thrifty, high-quality oak sawtimber. There is need now to broaden this 
study so as to include mixed-oak stands of sprout origin on a variety of 
sites. 
SUMMARY 
In four case studies, interesting variations were found in the 
diameter growth rates for northern red oak growing in southwestern 
Wisconsin. The analyses of the data form the basis for several tentative 
silvicultural conclusions. 
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1. Northern red oak can recover successfully from prolonged crowd-
ing and subsequently make satisfactory diameter growth in competition 
with such shade-enduring tree species as sugar maple, American bass-
wood, and slippery elm. While limited observations cannot be taken as 
conclusive proof that Quercus borealis can be grown in variable-aged 
stands by selection cuttings, they do indicate that this species may have 
a higher degree of tolerance than commonly is supposed. 
2. The typical mixed-oak farm wood lot of southwestern Wisconsin 
is even-aged and predominantly of seedling or seedling-sprout origin. 
Northern red oak is the most important single species in these stands. 
An analysis of diameter growth in two mixed-oak tracts of good 
density show that Q. borealis developed under conditions of very 
little initial suppression. Furthermore, the trees comprising the over-
story showed little tendency to shift from one crown class to another, 
which suggests that northern red oak asserts and maintains its dominance 
very early in life. 
3. Clear cuttings which result in large blocks of even-aged coppice 
may be silviculturally undesirable for the mixed-oak forest type. Growth 
measurements carried on for a fifteen-year period in a tract of the fore-
going character show that the early vigor of the sprout reproduction has 
declined by about 50 per cent, as measured by the average annual 
diameter increment, between the stand age of 40 and 55 years. Since 
this poor showing can in no way be attributed to overstocking, silvicul-
tural cuttings of this type should not be recommended, at least on a large 
scale, until the growth of a number of wood lots of coppice origin can 
be studied in considerable detail. 
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PLANTING OF WATER-TOLERANT TREES ALONG MARGINS 
OF FLUCTUATING-LEVEL RESERVOIRS1 
T. H. SILKER 
Tennessee Valley Authority, Division of Forestry Relations 
Reservoir impoundments created for power, flood control, navigation, 
municipal water supply, or for general recreation have increased in 
number throughout the South during the last two decades. These 
reservoirs have extensive, sinuous margins that present certain land 
management problems that follow water-level management require-
ments. Questions arise as to the possible use of moderately or infre-
quently-inundated flats along reservoirs not adapted to cropping and 
pasture use. Forest planting is suggested as one solution on certain 
reservoir margins. Such plantations could, if successful, protect adjacent 
dike or road embankments during reservoir surcharge periods, provide 
cover and food for wildfowl, and produce a timber crop that would 
reduce management costs and benefit regional welfare. 
The establishment of plantations along margins of fluctuating-level 
reservoirs presents problems. Expected limits and periods of water-level 
changes brought about by reservoir drawdown or surcharge must be 
known. Tree species must be adapted not only to existing soil types but 
also to changing water levels. 
The Tennessee Valley Authority began establishing reservoir-
margin plantings as early as 1935 on the lower Tennessee River. A study 
has been conducted to determine the initial development of water-
tolerant trees planted five to twelve years on two kinds of reservoir-
margin planting sites: 1, upper drawdown zones, consisting of bottom-
land soils intermittently covered by 1 to 3 feet of water at normal reser-
voir level through the growing season; and 2, reservoir surcharge zones, 
ranging from 1 to 15 feet above normal reservoir level and having soils 
of bottomland to upland types that are infrequently flooded, chiefly dur-
ing the dormant season. Summarized in this report are the results for 
the following tree species: baldcypress, Taxodium distichum; tupelo, 
Nyssa aquatica; sweet or red gum, Liquidambar styraciflua; green ash, 
Fraxinus pennsylvanica lanceolata; water oak, . Quercus nigra; willow 
oak, Quercus phellos; southern white cedar, Chamaecyparis thyoides; and 
sycamore, Platanus occidentalis. 
REVIEW OF LITERATURE 
Review of source material shows little has been reported either on 
'This is a contribution from the Tennessee Valley Authority, Division of Forestry 
Relations, prepared by T. H. Silker, Forester. Acknowledgment is given to other 
personnel of this division, including I. C. Burroughs and the late George S. Perry for 
their work with the reservoir-margin plantations covered in this study. 
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reforestation work with the species included in the present study or on 
planting along fluctuating-level reservoirs. 
Southern white cedar is the only one of the eight species studied 
that is not native to the Tennessee River watershed. This tree, indigenous 
to the Atlantic and Gulf Coastal swamps from Maine to southern 
Mississippi, is described by Korstian (2) as best adapted to the edges of 
fresh-water swamps on swamp peat soils overlying a sandy subsoil. The 
best height growth for typical 9-year old natural stands observed by 
Korstian from Florida to Connecticut averaged 13.2 feet. 
Minckler ( 4) reported 5-year results on a reforestation test includ-
ing baldcypress and red gum on upland sites in East Tennessee. In 
mixed plantings on north slopes baldcypress showed average survival 
of 72 per cent, and total 5-year height growth of only 0. 7 feet. Similar 
plantings of red gum had survival of 42 per cent, and total height growth 
of only 1.9 feet. His conclusions for planting on upland old-field sites 
are that baldcypress should not be considered, and that red gum should 
not be used in broomsedge cover because of the risk of rodent damage. 
Growth of twelve tree species in natural stands in the Mississippi 
delta was studied by Paul and Marts (5). They considered willow oak 
second only to overcup, among oaks adapted to low, wet areas. Because 
of the variety of uses for its wood, they considered tupelo the best species, 
other than baldcypress, to favor on the permanently wet sites where it 
is found. 
Turner (6) found that soil and topography influence the distribu-
tion and growth rate of bottomland hardwood and coniferous types in 
river overflow areas in Arkansas. He reports that loblolly pine develops 
best in small stream valleys where soils of recent wash have a loose 
surface layer over 3 feet deep and have a permeable subsoil with low 
colloid content. Of all the factors affecting the growth rate of pine, he 
considers those affecting available soil moisture the most important. 
On the upper Mississippi River, Green (1) studied the effect of 
impoundment of water on native tree growth along a series of pools. 
He found most of the green ash killed after three years of continuous 
flooding to a depth of 4 feet. 
THE PLANTINGS 
Plantations established from 1935 through 1939 were set · in the 
upper drawdown zone of TV A reservoirs on soils intermittently covered 
by 1 to 3 feet of water at normal pool level. Baldcypress and tupelo wild-
ling stock pulled or dug locally was used to establish the first plantings 
on Wilson Reservoir. 2 Similar plantations were set out in 1937 on Pick-
wick Reservoir, but here nursery-grown stock was used. Additional 
plantings of baldcypress and southern white cedar in 1939 brought the 
total to 12.5 acres. All plantings were made on soils of the stream bottoms 
2 Plantations were established by the TVA Division of Health and Safety, with 
the Division of Forestry Relations cooperating, to find out whether tree shade would 
suppress aquatic vegetation that aids the development of the Anopheles mosquito, 
carrier of malaria. 
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and terraces derived mainly from limestone material or Gulf Coastal 
Plain sands. 
Reservoir drawdown may leave these plantations 1 to 3 feet above 
pool level during parts of the dormant and growing seasons. Occasional 
reservoir surcharges have covered plantations with 7 feet of water for 
as many of thirty days during the growing season. The three tree species 
tested were thought to be the best adapted to soils and to artificial water 
levels simulating conditions where these three species are found natur-
ally. 
Beginning in 1942, plantations were established in a reservoir 
surcharge zone extending from 1 to 15 feet in elevation above the normal 
pool level of 359 feet. These plantings were designed to form protective 
belts adjacent to relocated highway, railroad and dike fills along the 
Kentucky Reservoir on the lower Tennessee River.3 Sixteen tree species, 
thought to be adapted to pre-impoundment soil conditions and to post-
impoundment reservoir-surcharge water levels, were used. A total of 
1,055 acres of these protective plantations was established from Benton, 
Kentucky, to Clifton, Tennessee, from 1942 through 1946 on bottom and 
terrace soils washed from limestone, loess, and Gulf Coastal Plain sands. 
These plantings have been only infrequently inundated by reservoir 
surcharge and then chiefly during the dormant season. Planting sites 
ranged from wet areas found along old stream beds and swamps to small 
dry areas on soils from which the topsoil had been stripped by borrow 
operations or sheet erosion. Most areas, as in Figure 1, were in pasture or 
crop use just prior to planting. Thus the planting was done in fields gener-
ally bare of all but annual or perennial weeds or pasture grasses. After 
planting, natural succession of plant communities that had been arrested 
by agricultural operations began to develop. 
SAMPLE PROCEDURE 
Plantings of water-tolerant trees were sampled to show tree response 
to two planting zones found on margins of fluctuating-level reservoirs. 
Measurements were taken to give a representative sampling of the 
establishment and initial development of eight tree species. 
Surcharge zone plantings, ranging from 1 to 15 feet in elevation 
above normal reservoir level, were sampled to obtain data on survival 
ahd total height of dominant and co-dominant trees by soil series.4 In 
addition, these samples were described as to soil erosion condition and 
stage of ground cover attained: 1, weed; 2, broomsedge, Andropogon 
virginicus; and 3, woody. 
Plantings in the upper drawdown zone, on areas intermittently 
covered by 1 to 3 feet of water at normal reservoir level, were sampled 
3 Plantations were established by the TV A Division of Forestry Relations for the 
Design Division to keep wave action during reservoir surcharge periods from 
reaching dirt fills. "The usual riprapping of such fills with rock was not considered 
feasible in this area. 
' Soils identified from preliminary soil maps of the Kentucky Dam, Wilson Dam, 
and Pickwick Dam areas, USDA, Bureau Plant Industry, Soils, and Agricultural 
Engineering. 
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by 1/ 20-acre plots to obtain survival and total height growth of dominant 
and co-dominant trees by mapped soil series. Additional measurements 
were taken on tree diameters, and the number of 7-foot posts was 
estimated. 
Observations were also made on injurious agents affecting the two 
types of plantings. 
RESULTS IN THE SURCHARGE ZONE 
The five-year development of plantations in the 1 to 15 foot sur-
charge zone is summarized in Tables 1 and 2. Results are discussed by 
1, cover and soil conditions; 2, water-level conditions; and 3, response 
of the species: baldcypress, water oak ,willow oak, green ash, red gum, 
supelo, southern white cedar, and sycamore. 
COVER AND SOILS 
Five-year survival and height growth of eight species, planted on 
soils showing little or no erosion, is averaged by three ground cover 
stages in Table 1. This table includes results for plantation samples on 
terrace as well as bottomland soils. 
TABLE 
URVIVAL ANO H EIGHT, llY GROUND COVER CLASS, OF E 1GllT T REE SPECIES IN 5· YF.AR·0LO 
P LANTATIONS ON BOTTOM AND TERRACf. SOILS ABOVE PREVAILING R ESF.RVO IR LEVEL• 
Plantation Development by Ground Cover Attained I Places (Survival Percentage) Sampled Tree Species 
I I 
H ydroph ytic 
Weed Broomseclge Woody All Number 
Bald cypress ...... 80 73 86 75 46 
Water oak ... .... 80 76 80 77 22 
Willoll' oak ....... 80 76 80 77 Q2 
Green ash ..... .. . 96 88 95 90 32 
R ed gum . . . . . . . . 70 72 .. 72 49 
Tupelot ..... . .. 61 59 . . 61 12 
Southern white 
cedar . . . . . . . . . .. II . . II 6 
Sycamore .. . ..... . . 87 . . 87 2 
(Height-Feel) I 
Baldcypress . .. . .. 5. 1 4.5 6.6 4.8 46 . 
Water oak .. . ... 5.5 4.6 7.4 5.0 22 
Willow oak .... . . . 6" .!) 5.4 8.3 5.9 22 
Green ash ... .. ... 6.3 5.0 8.J 5.4 32 
Red gum ...... . . 6.5 4.8 .. 5.3 49 
Tupelot . . . . . . '. 
Southern white 
3.8 3.3 .. 3.5 12 
ceda r .. .. . . . . . . . 4.6 .. 4.6 6 
Sycamore . . . . . . . . .. 14.3 . . 14.3 2 
• Includes only sa mples on soils showing little or no erosion. Twenty-n;ne samples 
on eroded so ils ex cluded . 
t Excluded from averages are tupelo plantations that were virtual failures on which 
survival could not be measured accuratel y. This results in more favorable averages for 
tupelo than the representati ve sampling of other species. 
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FIG. 1. In left center is typical area for planting of water-tolerant trees for 
protection of highway embankment. The floodwater on the planting chance is over-
flow from Blood River, February, 1942. Now, the Kentucky Reservoir maximum sur-
charge attains a level several feet higher than this. Plantations were established to 
protect the new highway fill that is raised several feet above the old roadbed. 
Weed cover listed in Column 1 of Table 1 was found primarily on 
swampy areas and old stream beds holding overflow water during the 
first part of the growing season. This cover consisted chiefly of hydro-
phytic weeds with beggarticks predominating. Trees planted on these 
areas grew better than did those on broomsedge areas but not so well 
as those on areas developing woody cover. Much of the good tree growth 
on sites supporting hydrophytic weed cover can be attributed to higher 
water tables. The good growth on such sites also may be attributed to 
soils having a loose and deep surface layer and permeable subsoil (6). 
Best plantation growth, Column 3 of . Table 1, was found on areas 
developing a volunteer woody cover of boxelder, sycamore, red gum, and 
green ash in the five-year span since plantation establishment. These 
areas were found in old stream beds or flats adjacent to creek channels. 
They differed from hydrophytic weed sites in having better drainage 
that permitted germination and development_ of water-borne tree seeds. 
Broomsedge cover listed in Column 2 of Table 1 was generally found 
on the higher bottomland and terrace soils. This cover varied from light, 
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scattered broomsedge and Johnson grass clumps to dense stands admixed 
with goldenrod. Light stands were generally found on soils having a 
compact subsoil and low inherent productivity rating. Poor plantation 
growth was made on such areas. Good tree growth was generally made 
on moist but well-drained soils supporting heavy stands of broomsedge 
or Johnson grass admixed with goldenrod. 
Twenty-nine plantation samples in the upper part of the 15 foot 
surcharge zone were not included in Table 1, since they showed moderate 
to severe sheet erosion and were typical of upland planting-site condi-
tions. Growth of red gum on nineteen of these samples shows a correla-
tion with the succession of ground-cover types and confirms results from 
another study (4). Where the topsoil had been removed or lost as a 
result of erosion, micro-communities of xerophytic weeds and grasses 
such as three-awn grass, poverty danthonia, and buttonweed, developed. 
Here red gum height growth averaged only 3.6 feet after five growing 
seasons. Where typical broomsedge and mixed goldenrod developed, 
red gum averaged 5.1 feet in height after five years. Height growth of 
planted red gum on areas reverting to volunteer woody cover within 
five years averaged 6.5 feet. 
Table 2 summarizes the five-year height growth of five species, on 
bottomland soils only, by soil series and land class. Tree growth, by 
comparison with the average for each species, was best on Shannon soils, 
with Hymon, Beechy, Lindside, and Melvin following in that order. 
With the exception of Beechy soils, this is in keeping with their agri-
cultural productivity rating and land class. Beechy is the most poorly-
drained member of the Shannon-Hymon-Ina-Beechy catena but the 
subsoil allows good penetration of roots (3). Where Beechy soils are 
forested, willow, baldcypress, and tupelo predominate in the per-
manently wet areas. In favorable years good field crops may be raised 
on cleared soils, but in wet . seasons, crop failures are common. As a 
result of this weather hazard, the agricultural productivity rating for 
Beechy and other slowly-drained soils is low. However, the slow drain-
age condition is apparently beneficial to the water-tolerant trees planted. 
Plantation samples were too sparse on Ennis, Huntington, and 
Waverly soils to give an adequate picture of tree growth response to 
soil type. Better tree growth was found on Huntington, Hymon, and 
Beechy silt loams than on fine sandy loams which have a lower product-
ivity rating. 
WATER LEVELS 
To date, inherent soil moisture has affected plantation develop-
ment in the 15-foot surcharge zone more than have surcharge levels. 
Reservoir surcharge reaching plantations has occurred chiefly during 
the dormant season. Surcharge water covering some planting areas 2 to 
7 feet throughout most of the dormant season has caused no apparent 
damage. 
Water-level management has kept pool level on Kentucky Reservoir 
near elevation 358 during most of the growing seasons. Plantations range 
from normal pool elevation of 359 feet to maximum surcharge level of 
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375 feet. Water has been held on only a small portion of the plantings for 
an extended period during the growing season. Baldcypress, tupelo, and 
red gum flooded by · 2 to 4 feet of "trapped" water from April through 
June of the third growing season showed no apparent damage. No infor-
mation is available as to the adaptability of water oak, willow oak, and 
TABLE 2 
H EIG HT GROWTH BY SO IL SERI ES AN D R ATED L AND C LASS, OF F IVE T REE SPECIES IN FI VE-Y EAR· 
OLD PLANTATIONS ON B 01TOMLAND SOIL IN TH£ SURCH ARGE Z ONE OF F LUCTUATI NG L EVEL 
R ESERVOIRS A LONG T ll E TENNESSEE RI VER 
Soil Series 
I a nd Bald - Wa ter Willow Green Red Land Class cypress Oak Oak Ash Gum 
(Feet ) (Feet) (Feet ) (Feet) (Fee t ) 
Shan non I. .. . 5.6 5.5 6.4 6.5 5.4 
H ymon I . ... 4.7 5.8 7.5 'l.9 6.9 
Ennis I ... . 5.9 . . . . . . 6.6 
H untington • l .... . . 4.2 4.4 . . 3.i 
L indside 2 . .. . 5.0 4.4 5.3 5.8 5.3 
Beech y 3 .... 4.9 5 .5 6.2 6.6 5.2 
Waverl y 3 ... . 4.6 . . . . 5.4 . . 
Melvin 4 .... 4 .6 4.2 4.5 4.3 5.2 
All soils ........ 5.0 5.1 5-9 5.8 5-4 
Sample basiS-
num ber .... 37 19 19 23 37 
• Half of the Huntington sa mples were on fine sa ndy loam having a lower produc-
tivi ty rat ing. 
sycamore to such surcharge levels. However, it is unlikely that the 
balance of the plantations will ever be subject to extended flooding dur-
ing the growing season. Trees should continue showing favorable devel-
opment as long as surcharge levels do not greatly exceed nor extend 
beyond those that have occurred during the first five growing seasons. 
With the exception of the poorly-drained, compact soils such as 
Wolftever, better tree growth was made on swampy sites with hydro-
phytic weed cover than on the same soils with broomsedge or grass cover 
indicating drier sites. 
' SPECIES 
Performance of eight species used in the surcharge zone plantations 
is discussed in this section. 
Baldcypress has shown satisfactory average development of 75 
per cent survival and a height growth of 4.8 feet. The poorest planta-
tions were on terrace soils in the upper part of the surcharge zone where 
xerophytic weeds and broomsedge cover developed. The better bald-
cypress plantings were found chiefly ·on the lower bottomland sites 
where woody cover or hydrophytic weeds developed. 
Water oak and willow oak have produced good stands on the 
average, with survivals of 77 per cent. Exceptions of poor plantations 
occurred on terrace soils that have either moderate sheet erosion or 
compact subsoils. Water oak averaged 5.0 feet in height. Willow oak 
made consistently better growth than water oak and was second only 
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to sycamore with an average height of 5.9 feet. Flats that are moder-
ately inundated during the late fall and winter by reservoir surcharge 
appear desirable planting sites, especially where "these two oaks are 
wanted to provide cover and food for game. Their small acorns are 
relished by ducks and make a valuable supplement to the diet of transient 
or wintering birds. 
Green ash has shown excellent survival over the variety of sur-
charge zone sites sampled. The average survival of 90 per cent exceeded 
that of the seven other species. Height averaged 5.4 feet. One small 
plantation flooded with a foot of "trapped" water throughout most of 
the fifth growing season suffered considerable mortality. This would 
seem to support the observation by Green (1) cited earlier. Accordingly, 
this species appears suitable for planting only where inundation is 
occasional and of short duration. 
Red gum has shown an average survival of 72 per cent and a total 
height growth of 5.3 feet . Growth was greatly affected by soil type. On 
bottomland silt loams of Shannon, Hymon, and Beechy, growth was 
better than on the fine sandy loams of these same soil series. Red gum 
developed very poorly on terrace soils such as W olftever having a com-
pact subsoil and low productivity rating. 
Tupelo plantings developed well only in seepage areas or where the 
water table was close to the ground surface. Survival and height of the 
better plantations averaged 61 per cent and 3.5 feet, but fell off badly as 
the planting progressed to higher and drier zones. Survival of this tree 
was generally so low that only the successful portions of plantations 
could be sampled accurately. 
Southern white cedar plantations established by planting wildlings 
showed very poor survival of 11 per cent, but the trees that survived 
attained an average height of 4.6 feet. 5 Planting stock was spindling 
and had very poor roots. Most of the wildlings turned brown within 
two weeks after planting, indicating excessive drying. Southern white 
cedar made its b est growth on moist bottom soils of the type most 
favorable to cypress. Extensive use of this species may be limited 
because of the current difficulty i.n securing suitable planting stock at a 
reasonable cost. 
Sycamore plantings were limited to terrace soils, such as Sequatchie 
and Humphreys, where gravel and chert deposits were concentrated. 
Plantings of this species (Figure 2) have shown very good survival 
and excellent height growth, averaging 14.3 feet. 6 This study does not 
provide information on the adaptability of this species to wetter sites 
or areas subject to moderate and intermittent flooding during the grow-
• Other wildlings of this species that were lined out, mulched, and shaded for a 
year in the Norris Nursery showed very low losses. This stock developed good fibrous 
root systems and well-balanced tops. Outplantings of these transplants resulted in 
excellent first-year survival. 
• The two samples were on soils showing lit tle or no erosion. Two plantings on 
sites suffering moderate sheet erosion averaged 6.3 feet in height after five growing 
seasons. Observations on six other reservoir-margin plantings that were unsuited for 
sampling in this study showed sycamore averaged 7 feet in height and 70 per cent 
survival after five years. 
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FIG. 2. Sycamore plantation after five growing seasons on Sequatchie fine sandy 
loam, a well-drained terrace soil, in the 15-foot zone above normal pool level, Ken-
tucky Reservoir. Although naturally a fertile soil, the excellent growth is attributed 
in part to fertilizer treatment of the field while in pasture prior to planting. 
ing season. It appears, however, that sycamore is a good species for 
planting on the drier terrace soils in the upper surcharge zone. 
RESULTS IN THE UPPER DRA WDOWN ZONE 
The development of older baldcypress, tupelo, and southern white 
cedar plantations in the upper drawdown zone is summarized in Table 3. 
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R eservoir management has covered these planting sites with 1 to 3 feet 
of water intermittently during the growing season. Results are discussed 
by 1, soils; 2, water levels; and 3, species response to prevailing condi-
tions. 
TA B LE 3 
DEVELOPMENT OF T ll REE T REE SPECIES IN OLDER PLANTATIONS ALONG T H E TENNESSEE RI VER 
I NUNDATED BV l TO 3 FEET OF WATER AT NORMAL R ESERVO LR LEVEL, JN O CTOBER, 1947 
Height of I Age Domin ant Sta nd T otal 
Tree species Si nce Dia meter Post 
Plant- I Grow th, I at Breas t Yield Sa mple 
ing Su rviva l Total Av. year Heigh t Per Acre• Basis 
(years) (percentage) (feet) I (feet) I (inches) (number) (number) 
J3a ldcypress .... I 2 89 2 1.6 1.8 3,.3 210 2 
Baldcvpress .... I I 96 22.3 2.0 3.5 143 13 
Tupelo ........ 12 88 2 1.6 1.8 2.3 45 4 
Sou thern wh ite 
cedar .... .... 9 58 22. l 2.5 2.3 .. I 
•Estimated in units of 7-foot pos ts LO a 4- inch peeled top d iameter. 
SOILS 
The soils on these areas were rated before reservoir impoundment 
as first or second class soils. Soil quality probably has not been a limiting 
factor to development of the plantings. Iuka fine sandy loam and Hunt-
ington silt loam predominate in the samples. Although these soils vary 
in agricultural productivity rating, no apparent difference in tree growth 
was noted between plantations located on them. 
WATER LEVELS 
An earlier examination of baldcypress and tupelo plantations on 
Wilson Reservoir, after six growing seasons, showed trees planted 3 
feet above normal pool making only moderate growth even though 
survival was exceptionally good. Starting in 1943, reservoir management 
raised the normal lake level so that 1 to 3 feet of water intermittently 
covered the plantations during the growing season. Tree height grc;iwth 
increased after the water level was raised, and good annual growth has 
b een maintained since that date. 
Some plantings were flooded the first few growing seasons to a 
depth of 3 to 7 feet and for periods up to thirty days. An illustration of 
how prolonged flooding has set back some plantations is given in Figure 
3. Here terminal shoots of the tupelo trees were killed by the prolonged 
flooding, but new sprouts developed after levels dropped and some trees 
now have 2 to 5 stems. 
SPECIES 
Baldcypress planted at spacings varying from 4 x 4 to 8 x 8 feet, has 
shown an average survival of 95 per cent after eleven years. One eleven-
year planting at a 7 x 7 foot spacing averaged 30 feet in height. The 
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Frc. 3. Twelve-year development of tupelo planted as wildlings on reservoir 
margins subject to water depth of 1 to 3 feet at normal pool level. (A) Good growth 
of trees, averaging 3.5 inches in diameter and 29 feet in height, planted on a spacing 
of 5x5 feet. (B) Crowded trees, averaging only 2.1 inches in diameter and 23 feet 
in height, planted on the close spacing of 3x4 feet. (C) Poorly-formed trees in 2 
feet of water, that have sprouted after die-back caused by water surcharge levels of 
5 feet or more covering terminal shoots of trees for prolonged periods during the 
growing season. 
fifteen plantings, eleven and twelve years old, had an average diameter 
of 3.4 inches. Tally of stems down to a 4-inch peeled top, in 7-foot post 
lengths, showed a present possible yield of 210 posts per acre from all 
twelve-year-old plantations and 143 posts per acre from all eleven-year-
old plantations. The best planting (Figure 4) showed a present yield of 
700 posts per acre. Self-pruning has started on the interior trees. Thin-
nings can be made in many plantings in the next five years. The cost of 
thinning may be recovered by utilization of many thinned trees for 
fence posts. 
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Tupelo (Figure 3), planted at 3 x 4 and 5 x 5 foot spacing, has 
shown good survival of 88 per cent. The close-spaced stands have devel-
oped a very dense canopy and show growth stagnation. These stands 
average 23 feet in height and 2.1 inches in diameter after twelve years, 
whereas a stand of the same age planted on a 5 x 5 foot spacing averages 
29 feet in height and 3.5 inches in diameter breast high. 
Southern white cedar, planted as wildlings, has attained exception-
ally good height. In one nine-year old planting sample, the dominant 
trees average 22 feet in height. They have good columnar form (Figure 
5) and offer considerable promise for utilization as posts or small poles 
in view of the wood being inherently durable. The modest survival of 58 
per cent is attributed to the poor condition of the wildling stock used 
to establish this plantation. 
INJURIOUS AGENTS 
Observations on injurious agents affecting the .tree plantings 
studied are included as a note of caution to the worker who might wish 
to make similar plantings. 
In occasional fields where ideal cover had developed following plant-
ing, large populations of pine mice were in evidence. Considerable gird-
ling damage was found and in some localities burrows were developed 
at the base of more than 50 per cent of planted seedings. Their root 
systems were gradually being consumed. 
Swamp and cottontail rabbits damaged many of the plantations 
during the first few years by clipping tops out of seedlings. All tree 
species were susceptible to rabbit damage, but baldcypress, red gum, and 
green ash were hit heaviest. Most of the clipped seedlings resprouted; 
the new tops on some were bushy or deformed. These observations 
suggest that in some localities heavy rabbit populations should be reduced 
before planting is undertaken. 
Occasional light infestations of bagworm were noted in some bald-
cypress plantations. No cases of 15erious defoliation were in evidence. 
A few plantations were damaged by uncontrolled fires and trespass 
grazing. Such damaged portions were excluded from samples to study 
plantation response to site. With the exception of southern white cedar 
and sycamore most of the other trees damaged by fire resprouted. The 
bushy and deformed tops resulting from fire and grazing damage, how-
ever, call for rigid control of these agencies if successful plantation 
development is to be assured. 
CONCLUSIONS 
Study of 1,100 acres of .water-tolerant tree plantations indicates such 
species as baldcypress, tupelo, southern white cedar, water oak, willow 
oak, green ash, red gum, and sycamore can be successfully planted along 
certain margins of artificial reservoirs. 
Water-level management is a primary factor controlling the kind 
of tree to be planted and its location along reservoir margins. Water-
tolerant baldcypress, tupelo, and southern white cedar are well adapted 
to the upper drawdown zone along reservoirs, including flats intermit-
Frc. 4. Baldcypress planted eleven years on sites subject to water depth of 1to3 
feet. (Above) Viewed with water at normal pool level, in March, 1947, this plantation 
averages 23 feet in height. Established by planting wildlings on a 5x5 foot spacing. 
Wilson Reservoir, Alabama. (Below) Viewed at time of reservoir drawdown, in 
October, 1947, with trees still in leaf, this plantation has made excellent development 
averaging 30 feet in height. Established by planting of 1- 0 nursery stock on a 7x7 foot 
spacing. Pickwick Reservoir, Mississippi. 
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tently covered with 1 to 3 feet of water. Growth of nine- to twelve-
year plantations on first or second class soils unfit for agricultural use, 
because of water-level management, is as good or better than that of 
upland plantations of fast-growing pine or hardwoods. Such periodically-
flooded sites offer considerable promise for timber production. No infor-
mation is available to confirm whether any of the other species studied 
is tolerant of the range of water levels that occur in this zone. Planting 
below the 3-foot drawdown zone under normal pool level involves 
considerable risk. Intermittent water levels cover terminal shoots of 
trees at this elevation long enough during the growing season to result 
in die-back or death of the trees. Trees that resprout are bushy and 
deformed. 
To date, inherent soil moisture has affected plantation development 
in the 15-foot surcharge zone above normal reservoir level more •than 
have surcharge levels. Reservoir surcharge that has reached planted 
trees has occurred chiefly during the dormant season. Surcharge water 
covering some planting areas 2 to 7 feet throughout most of the dormant 
season has caused no apparent damage. Only a small portion of the 
plantings has been flooded for an extended period during the growing 
season. 
Baldcypress, tupelo, and red gum flooded by 2 to 4 feet of "trapped" 
water from April through June of the third growing season showed no 
apparent damage. No information is available as to the tolerance of water 
oak, willow oak, and sycamore to such flooding. However, it is unlikely 
that the balance of the plantations will ever be subject to extended 
flooding during the growing season. Trees should continue showing 
favorable development as long as surcharge levels do not greatly exceed 
nor extend beyond those occurring during the first five growing seasons. 
Development of five-year old plantations under these conditions indicate: 
1. Tree growth varied by soil series, and best growth was associated 
with soils having the highest land class and agricultural productivity 
rating before reservoir impoundment. 
2. Soils having compact subsoil are poor planting chances. 
3. Plantation growth was found consistent on sites supporting 
certain ground-vegetation communities. Better growth was made on 
the lower, moist to wet bottomland soils developing stands of volunteer 
woody species or rank stands of beggarticks or other hydrophytic 
weeds; intermediate growth was made on drier sites that developed 
heavy stands of broomsedge; and poor growth was made where light, 
scattered broomsedge was admixed with goldenrod, aster and xero-
phytic weeds. 
A summary of the eight water-tolerant tree species planted 5 to 12 
years along the margins of fluctuating-level reservoirs on the lower 
Tennessee River shows the following adaptation to existing soil types 
and changing water levels: 
Tupelo is well adapted to flats in the upper drawdown zone that are 
intermittently covered with 1 to 3 feet of water during the growing 
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FIG. 5. Southern white cedar in zone covered by 1 to 3 feet of water at normal 
reservoir pool. Planted wildlings introduced from South Carolina averaged 22 feet 
in height after nine growing seasons. Judge the height and columnar form by the card 
at 6 foot height on small cypress in the foreground. 
season. In surcharge zones extending 15 feet above normal reservoir 
level, this tree should be planted only on seepage areas or on sites inter-
mittently flooded during the growing season. 
• 
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Baldcypress is adapted to the same sites as tupelo but can be planted 
at higher elevations on all but the drier and poorer terrace soils. 
Green ash is adapted to all sites except those subject to prolonged 
flooding during the growing season. This tree has been exceeded only 
by sycamore and willow oak in average total height growth. 
Water and willow oak have not been subject to intermittent flooding 
during the growing season. They have been found well adapted to all 
sites in surcharge zones except the drier and poorer terrace soils and 
those with a compact subsoil. Willow oak has made better height growth 
than water oak. These two oaks offer promise for cover and food plantings 
for migratory waterfowl. 
Red gum is one of the better species for planting on the better terrace 
soils in the upper part of surcharge zones. This species does well on a 
great variety of sites and it may prove adapted to moderate and inter-
mittent flooding wherever soils are not compact and slowly drained. 
Sycamore, represented by only two samples, made better height 
growth on non-eroded terrace soils in the surcharge zone than any other 
species studied. The study did not provide information on the tolerance 
of sycamore to wetter sites or areas su'bject to moderate and intermittent 
flooding during the growing season. 
Planted wildlings of southern white cedar have made excellent 
growth on areas intermittently covered by 1 to 3 feet of water during 
the growing season. It has also made good growth in surcharge zones 
on moist sites most favorable to cypress. Extensive use of southern white 
cedar in plantings may be limited because nursery stock is not currently 
available. 
Observations on injurious agents affecting the tree plantings showed 
occasional areas in the surcharge zone heavily infested with pine mice 
that girdled seedlings or slowly consumed their root systems. Many of 
the plantations were damaged the first few years by swamp and cbtton-
tail rabbits that clipped tops out of seedlings. All species were susceptible, 
but baldcypress, red gum, and green ash were hit heaviest. Heavy 
rabbit populations should be reduced in some localities before planting 
is undertaken. A few plantings were damaged by uncontrolled fires and 
trespass grazing. Most species resprouted to form bushy, deformed trees. 
Rigorous protection is essential in order to minimize damage and to 
assure successful development of reservoir-margin plantations. 
SUMMARY 
A thorough sampling was made of 1,100 acres of water-tolerant 
tree plantations, five to twelve years of age, along the margins of fluctuat-
ing reservoirs on the lower Tennessee River. Data on survival, height, 
and adaptation of trees to changing water tables and to soil and ground 
cover conditions were obtained for : baldcypress, Taxodium distichum; 
water oak, Quercus nigra; willow oak, Quercus phellos; green ash, Frax-
inus pennsylvanica lanceolata; red gum, Liquidambar styraciflua; tupelo, 
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Nyssa aquatica; southern white cedar, Chamaecyparis thyoides; and 
sycamore, Plantanus occidentalis. Results were presented for two kinds 
of reservoir-margin planting sites: 
1. Reservoir surcharge zone plantations, ranging from 1 to 15 feet 
above normal pool level and infrequeptly flooded during the dormant 
season have been more affected by inherent soil moisture than by water 
surcharge levels. Surcharge water covering some areas 2 to 7 feet 
throughout the dormant season has caused no apparent damage. 
Baldcypress, tupelo, and red gum plantations flooded by 2 to 4 feet 
of "trapped" water through June of the third growing season suffered 
no apparent damage. No information is available as to the tolerance of 
water oak, willow oak, and sycamore to such flooding, but it is unlikely 
the balance of the plantations will be subject to prolonged flooding during 
the growing season. These plantings averaged from 11 to 90 per cent 
survival and from 3.5 to 14.3 feet total height growth after five growing 
seasons. 
2. Growth of nine- to twelve-year plantations of baldcypress, tupelo, 
and southern white cedar in the upper drawdown zone intermittently 
covered by 1 to 3 feet of water is as good or better than that of upland 
plantations of fast-growing conifers or hardwoods. Sites made unfit for 
agricultural use because of water-level management offer considerable 
promise fot timber-production planting. 
Planting results in the two zones show: tupelo should be planted 
only on seepage areas or sites intermittenly flooded during the growing 
season; baldcypress and southern white cedar are adapted to the same 
sites as tupelo but can be planted at higher elevations on all but the drier 
and poorer terrace soils; green ash is adapted to all sites except those 
subject to prolonged flooding during the growing season; water and 
willow oak have not been subject to intermittent flooding during the 
growing season but offer promise for wildfowl cover and food plantings 
on all but the drier and poorer terrace soils; red gum and sycamore are 
the better species for planting on the better terrace soils in the upper 
part of surcharge zones. 
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INFLUENCE OF PLANTED TREE BELT IN PLAINFIELD SAND ON 
EROSION CONTROL AND MOISTURE CONSERVATION1 
FRED B. ThENK2 
Extension Forester, Wisconsin Agricultural Extension Service 
Extensive areas of sandy outwash plains, produced by water 
deposition of glacial drift when successive glacial sheets melted in the 
region of the Great Lakes, have been mapped and classified as the 
Plainfield group of soils (8). Although inherently low in fertility and 
water holding capacity, the general topography of these soil areas and 
the ease with which they could be cleared and tilled, encouraged 
cropping when settlement took place. They continue in general use for 
field crop production in Minnesota, Wisconsin, and Michigan. 
Plainfield sand and some other sandy soil areas were originally 
forested with relatively open stands of jack pine (Pinus banksiana 
Lambert), Norway pine (P. resinosa Solander), and white pine (P. stro-
bus L.) often mixed with northern pin oak (Quercus ellipsoidalis E. J. 
Hill) . Inherent danger of wind erosion following land clearing was 
recognized as early as 1867 (1). The retention of strips or belts of the 
original tree growth was recommended by King as essential to pre-
vention of soil losses through wind action (2). In practice, however, these 
recommendations proved of little immediate value due to absence of 
lower limbs on forest-grown trees, which allowed winds a relatively 
unhindered sweep. Northern pin oak reproduction developed vigorously 
in such open belts, and furnished some protection against wind. However, 
this species proved to be not only relatively short lived, but also an 
active competitor for moisture and soil fertility with agricultural crops. 
Ultimately extensive areas of Plainfield soils used for farming became 
fully exposed to wind. 
Wind erosion develops on bare sandy soil when the surface 
particles become dry and winds, unhindered by natural or artificial 
obstructions, attain sufficient velocity to cause the rolling and subsequent 
drifting of sand grains. Its most acute effects are recognized in the 
removal of clay, silt, and fine sand particles and organic matter from 
'Publication authorized by the Director of the Wisconsin Agricultural 
Experiment Station. 
• The author is indebted to Prof. A. R. Albert, Department of Soils, University 
of Wisconsin, formerly superintendent of the Hancock Branch Station Farm, for 
supervision of initial tree planting, the application of the cultural treatments, the 
data on crop yields and soil temperatures, and for critical reading of the manuscript. 
Cooperation of the Works Projects Administration is acknowledged for obtaining 
the measurements of tree heights. 
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the exposed soil surface, in the undesirable accumulation of drifts, 
either along fences and highways or as dunes, and in injury of varying 
degree to all kinds of planted crops. Snow rarely remains on the soil 
during the entire winter. 
RELATED STUDIES IN THE EFFECTIVENESS OF TREE BELTS 
'· 
The influence of shelterbelts on crop yields, shading of soil, moisture 
sapping, evaporation, movement of soils, and adjacent air temperatures 
was studied by Bates (3) for central and western areas in the United 
States. Coniferous and deciduous tree belts were included in this study. 
Practically all of the tree belts observed were growing on soils heavier 
in texture than the Plainfield series. 
The Purdue Agricultural Experiment Station ( 4) has records of 
over 130,000 hours of wind velocity, temperature, and relative humidity 
to the leeward of five typical Indiana windbreaks. In this study one 
four-row Norway spruce windbreak 25 feet high, was observed to reduce 
by 80 per cent the velocity of a 30 miles-per-hour wind at a distance 
of 50 feet, or twice the height of the trees on the leeward side of the 
windbreak. The same wind was reduced in velocity 50 per cent at a 
distance of 150 feet, or six times the height of the trees. 
The distance at which the influence of tree belts on winds blowing 
at right angles to them could no longer be detected or measured has 
been determined by different workers with widely varying results. 
Russian workers (5) report that a 50 foot high shelterbelt on the Siberian 
steppes exerted a measurable influence for two-thirds of a mile to the 
lee side. The Indiana study (4) showed that for a shelterbelt 25 f'eet 
high, measurable influence ceased at between 450 and 500 feet to the 
leeward. 
The influence of tree belts on wind velocity, water retention, 
accumulation of humus, and agricultural crop yields are summarized 
by Rudolf and Gevorkiantz (6) in a review of studies made at seven 
experimental stations in southern Russia and in Siberia. The high silt 
and clay content of the soils involved in these experimental areas has 
given results that probably would not be found in distinctly sandy soils, 
yet it should. be noted that quantitative measurements showed wind 
velocities were reduced at from 210 to 560 feet to leeward of trees 12 to 
22 feet high, and planted in belts from 70 to 140 feet wide; increased 
retention of snow water occurred in the zone of snow drift formation; 
an increased depth of accumulated humus for distances up to 1,050 
feet to leeward of the shelterbelts was noted; and increased yields of rye 
and wheat grain and straw were obtained within the protected zone on 
an average of better than three years out of four over a 15 year period. 
The function of wind as a factor in soil erosion is the subject of six 
separate studies by Chepil (7), who states that, "Virtually the whole 
program of wind erosion control is based on one outstanding consider-
ation, namely, the dependence of all methods of prevention and control 
on the velocity of wind required to initiate soil movement." 
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In May, 1928, the initial planting was made in an eight-row shelter-
belt 2,148 feet long, 48 feet wide, and extending in a north-south 
direction. The objectives of the experiment were four-fold: 
1. To secure information on rate of growth and number of years 
required to produce a relatively effective shelterbelt on Plain-
field sand; 
2. To observe the comparative value of tree species and mixtures, 
using (a) all conifers, (b) chiefly deciduous or broadleaf trees, 
and (c) a combination of both groups; 
3. To determine the value of cultivation and applications of 
commercial fertilizers in promoting the growth of shelterbelts; 
4. To determine by quantitative measurements the influence of 
shelterbelts within measured zones on comparative moisture 
retention and crop yields. 
The area chosen for the experimental shelterbelt was along the 
west boundary of the farm, and immediately to the east of an unimproved 
town highway. The soil is very gently undulating Plainfield sand 
occupying the former bed of glacial Lake Wisconsin. It is low in 
organic matter and available plant nutrients. It has a reaction varying 
between pH 5.0 and 5.5. Traces of subsoil development exist at 12 inch 
to 18 inch depths, but below that the material is medium sand to un-
determined depths. The permanent water table, which fluctuates up to 
6 feet with periodic precipitation, normally exists at from 10 to 20 feet 
below the soil surface, depending on surface configuration. Only during 
short periods of extremely heavy rains, or when the soil is frozen, is 
there any surface water flow. 
The date when this land was first cleared of its tree growth, 
described in 1835 by government surveyors as "scrub oak" and "scrub 
pine" (jack pine), is not of record. It probably occurred between 1860 
and 1870. Neither is there any reliable record of its agricultural use 
prior to 1916. Between 1916 and 1928 it was used only to produce rye, 
once in two years, and sometimes only once in three years. In 1928 
this land was acquired by the University of Wisconsin, and incorporated 
into the field pattern of the Hancock Branch Station Farm. 
Design of the shelterbelt, choice and arrangement of species, tree 
spacing, and the plan of cutural treatments were determined after 
consultation between staff members of the Departments of Agricultural 
Engineering and of Soils at the University of Wisconsin and of the Lake 
States Forest Experiment Station, United States Forest Service.3 
The species of trees selected for the experiment, size and age of 
stock, and date of initial planting are summarized as follows: 
















LAYOUT DIAGRAM 1 
West 
Town Road 
Dwarf Siberian Pea 





Balm of Gilead 
Jack Pine 
Dwarf Siberian Pea 
Section C-360 Feet 
60 Cross Rows 
All Conifer 
Section B-360 Feet 
60 Cross Rows 
J j I J H I G I F I E J D J C J B J A 
Soil Treatments 
Section A-1,428 Feet 
Mixed Planting 
22 Cross I 216 Cross Rows 
Rows Not Cultivated 
6 Cross Rows Each Cultivated 
Sail TTea.tments a.s below, applied a.nnua.Uy i n April foT five yea.Ts a.fteT planting: 
A-Not Fertilized- Not Cultivated F-Cultivated and NPK 
B-Cultivated and PK G-<:ultivated and (2N) PK 
C-Cultivated and K ff-Cultivated and NP (2K) 
D-Cultivated and LPK I-Cultivated and PK with legumes inter-
planted 
E-Cultivated but not fertilized J-Cultivated and N only 
• Replaced white spruce which failed to survive initial planting. 
t Removed in 1944. 
N = 150 lbs . ammonium sulfate per acre K = 75 lbs. 0-0-50 per acre 
P = 75 lbs. 0-20-0 per acre L = 150 lbs . ground limestone per acre 
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Date 
Planted Coniferous 
1928 .... White pine ( 4 year transplants) 
1928 .. Norway pine (4 year transplants) 
1928 . ... .. . . Jack pine (2 year seedlings) 
1932 . . . ... Red cedar (2 year seedlings) 
1933 . . White cedar ( 4 year transplants) 
1930 . . White spruce ( 4 year transplants) 
1929.Norway spruce (4 year transplants) 
Date 
Planted Deciduous 
1933 .. .... . Black locust (1 year cutting) 
1931. . . . .. Green ash (3 year seedlings) 
1932 . . Balm of Gilead (3 year seedlings) 
1931. .. . . . Chinese elm (2 year seedlings) 
1932 . . American elm (2 year seedlings) 
1932 . .. . Silver maple (2 year seedlings) 
1931 . . .. . Golden willow (1 year cutting) 
1931. .. . Siberian pea (3 year seedlings) 
The white cedar replaced a 100 per cent failure of the 1930 planting 
of white spruce. 
Layout, Diagram 1 illustrates the arrangement of species by sections 
within the shelterbelt, the length of the several sections, and the soil 
and cultural treatments prescribed for two of the sections. 
It will be noted in the diagram showing composition by species that 
Section A contains hardwoods and conifers in mixture by rows, Section B 
consists almost exclusively of hardwoods except for the two middle 
rows, one of white and one of Norway pine, and Section C is comprised 
entirely of conifers. All trees were planted in check rows at a spacing of 
6 by 6 feet. 
Annual replacements of losses for all tree species were made 
through 1936, so that as of January 1, 1937, there were no blanks nor 
dead trees in the belt. Since it was impossible to determine the cause of 
losses in all cases, no attempt was made to correlate survival or loss with 
the several possible factors, principal ones of which were size and 
condition of stock at time of planting, heat, drouth, and insects. 
The period during which the initial plantings were made and the 
TABLE l 
P RECIPITATION AT H ANCOCK I N TERMS OF P ERCENTAGE OF ORMAL,• 
1928--40, FOR M ONTHS OF MAY, Ju E, J ULY, AND AUGUST 
Year Month 
May June Jul y August 
(Perrentage) (Percentage) (Percentage) (Percentage) 
1928 . . .... . .. .. . ... . .. 50 69 100 145 
1929 .. . . .. . . . . .. . ..... 35 89 57 63 
1930 . ...... . ..... . . . . . 76 104 126 26 
1931 . .. .. . . . . . .. . .. . .. 42 79 30 90 
1932 . . ............ . ... 80 97 79 96 
1933 ... ......... .. . . .. 137 25 !08 54 
1934 .... . ......... ... . 31 120 152 78 
1935 ........ . . .. . . . . . . 96 IJ4 I 19 98 
1936 . ... .. . .. . . . . . . . . . 55 101 32 140 
1937 . . . .. . . . .. .. . . .... 88 79 74 92 
193 ....... . . .. . ...... 106 134 90 100 
1939 ........ . ... . .. . .. 25 120 49 90 
1940 ..... .... ..... .. . . 89 318 41 310 
Normal• . . .. . . ... . 4.II inches 4-47 inches I J-45 inches 3-4 inches 
• As reported by Uni ted Sta te Weather Bureau in its monthly weather reports of 1936. 
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years immediately following were relatively drouthy and very hot, 
particularly during the critical months of July and August. Table 1 
summarizes the recorded precipitation for the critical months of May, 
June, July, and August for the years 1928 to 1940 inclusive, in terms of 
nor01al precipitation for Waushara County, Wisconsin, as reported in the 
monthly weather reports issued during the year of 1936 by the United 
States Weather Bureau. 
Several periods of extreme drouth and high midsummer 
temperatures occurred in June, July, and August before 1934, the 
critical period in the establishment of trees used in this experiment. The 
periods of high rainfall for the same months were in 1934 and later. The 
records of losses sustained in the earlier years of the experiment, and 
the relatively higher survivals during later years, are comparable to 
those found for other plantations established between 1928 and 1940 on 
similar soils. 
Extremely high temperatures directly caused some losses in this 
experimental shelterbelt, especially in July, 1936. In this month there 
were twelve days with temperature readings above 96° F. On July 12, 
13, and 14 of that year the maximum temperature readings were 109°, 
111°, and 112°F., respectively. At 12 noon on July 13 a series of 
temperature readings was made in and adjacent to and directly east of 
Section C of this shelterbelt, and also southeast of another three-row 
coniferous snow fence. This proved to be a critical period in the survival 
of many other young plantations on Plainfield sand in Wisconsin. The 
following data illustrate the extreme temperatures to which the trees 
were subjected: 
Site of Reading 
Air temperature .............. .. . ..... . 
Soil surface in the sun ............... . 
114" below soil surface ............... . 
3" below soil surface ........... .... .. . 
6" below soil surface ........... ...... . 
Soil surface in shade of 
planted pine ...... .. ... ....... .. . . . 














Under these extreme conditions the Norway spruce in this shelter-
belt (Section C) suffered a 100 per cent scalding of the 1936 leader 
growth and of all growth on the sides of the trees exposed to direct 
sunlight. Approximately half of these Norway spruce later died from 
the effects of the extreme temperatures; the other half recovered, but 
were deformed because of loss of leaders and foliage on the south 
exposures of the trees. 
GENERAL CULTURAL TREATMENTS 
In addition to the special fertilizer treatment described for Section 
B, all trees were cultivated for several years after planting except the 22 
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cross rows on the south end of Section A , which remained uncultivated 
after 1928. All pines in Section A planted in 1928 were cultivated four 
times during the growing season of that year. No further tillage of any 
kind was given this section until 1932, when complete cultivation was 
resumed on all of the section except the south 22 cross rows. The trees 
were cultivated four times during each of the growing seasons of 1932, 
1933, and 1934, and were cultivated once in 1935, after which all 
cultivation ceased. 
RESULTS OBTAINED IN THE EXPERIMENTAL BELT 
Table 2 shows the mean height and diameter of trees at 4% feet 
above the ground for the several species where cultivated (every fifth 
tree measured) , and for all twenty-two trees in each uncultivated row 
in Section A. The percentage of stand as of December 1, 1939, and the 
percentage of replacements made from the date of initial planting 
through 1939 are given also. 
Cultivation here produced a growth increase over uncultivated of 
about 35 per cent for deciduous trees and 8 per cent for the pines. Effect 
of cultivation on survival was very marked for the Chinese elm and 
Balm of Gilead, but negligible in the case of conifers, Siberian pea, and 
locust. Since the primary purpose of cultivating new plantings of 
conifers is prevention of grass sod formation, it should be stated here 
that the twenty-two uncultivated cross rows were growing on a slight 
slope with soil so low in nitrogen that grasses did not form sods thereon 
for ten years. · 
Of the pines, jack pine made most rapid early growth, Norway pine 
next best, and white pine was the slowest in getting started. However, 
replacements were much greater (about 100 per cent) with white pine 
and these are, therefore, from one to three years younger. 
EFFECTS OF FERTILIZER TREATMENTS 
Section B of the shelterbelt consists of 60 cross rows (east-west). 
This section was established to measure, in terms of height growth, the 
effect of cultivation, and various fertilizer treatments. Table 3 is a 
summary of height growth recorded at the end of the 1939 growing 
season. 
YIELDS OF MIXED ALFALFA, CLOVER, AND TIMOTHY HAY 
IN RELATION TO DISTANCE FROM SHELTERBELT 
In 1939 and 1940 a field of mixed alfalfa, timothy, and red clover, 
a desirable hay combination on Plainfield sand, lying immediately to 
the east of the shelterbelt, gave diminishing yields of hay at increasing 
distances from the shelterbelt. Plots 7 feet wide and 20 feet long were 
harvested in 1940 to measure this difference. The mean yields of three 
replicates were as follows: 
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Lbs. Green Hay Distance from 
per acre Shelterbelt 
Lbs. Green Hay 
per acre 
10' - 30' . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,127 
30' - 50' . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 ,165 
50' - 70' . .. . . .. .. . .. .. . .. .. .. .. .. .. 5,919 
SO' - 110' .. .. . .. .. .. .. .. . .. . .. . .. .. 4,672 
110' - 130' . . . . . . . . . . . . . . . . . . . . . . . . . 4,361 
130' - 150' . . . . . . . . . . . . . . . . . . . . . . . . . 3,945 
70' - 90' . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,465 
At the time of this study of hay yields, the belt averaged 17 feet 
in height. The stand of red clover in the mixture was good within 30 
feet of the belt, and became progressively poorer toward the east end 
of the 165 foot long test plot. With the exception of the nearest plot, the 
yield of which appears to have been lowered by more intense heat next 
to the shelterbelt, yields decreased with distance from the belt. 
LOSSES FROM SNOW, INSECTS, AND DISEASE 
In Section C, where white pine is adjacent and to the east, or lee side 
of jack pine, destruction of white pine leaders and slender upper limbs 
from the melting and settling of deep snow drifts was much greater than 
where deciduous trees occurred to the westward. This damage materially 
interfered with the rate of growth of the white pine in both height and 
density. 
The black locust became infested within two years of planting by 
the locust borer (Cyllene robiniae Forest) and infestation continued to 
be so severe that no locust t,ree reached a diameter of four inches at 
breast height before it was killed. In 1944 the entire row of locust was 
pulled out. 
Accidentally one Scotch pine was planted in the row of jack pine 
in Section A. This tree was killed in 1938 by the Scotch pine root collar 
weevil (Hylobius radicus Buchanan). While Scotch pine was not included 
in the original plan, it was planted later in other shelterbelts on the 
Branch Station Farm at Hancock, and has been damaged badly by this 
same insect. The occurrence of the root collar weevil on Scotch pine 
has resulted in a buildup of the insect population and its subsequent 
attacks on jack pine with occasional fatal results on this species in the 
experimental shelterbelt. 
No disease has been observed on any of the conifers. The Balm of 
Gilead has been attacked by a fungus identified as a member of the 
genus N ectria and has been eliminated largely by it. Competition with 
adjacent Norway and jack pine also contributed to elimination of the 
Balm of Gilead. 
CONCLUSIONS 
Snow drifts accumulated in the planted tree belt five years after 
planting, which is evidence that the trees are a factor in reducing wind 
velocities. At twelve years after planting on Plainfield sand the jack 
pine in a shelterbelt given five years of cultivation following planting 
may be expected to reach a height of 17 to 18 feet, Norway pine 15 to 
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16 feet, and white pine 12 feet. The rate of growth of white pine appears 
to have been affected adversely because of its position to the leeward 
side of the rapidly growing jack pine, which caused the formation of 
heavy snow banks on the flexible white pine and consequent mechanical 
injury. This caused a material slowing down of the average annual 
height growth of this species. 
The 12-year old experimental shelterbelt exerted a marked favor-
able influence on the yield of a hay mixture of clover, alfalfa, and 
timothy for a distance of 70 feet, or approximately four times the 
height of the tree belt, to leeward, and a measurable influence up to 130 
feet, or eight times the height of the belt. More important than this 
effect appears the immunity that planted crops, and especially legume 
seedings, would have against being cut down by wind-driven sand 
particles. The test field, ten rods wide, lying adjacent to and on the lee 
of this shelterbelt, has been free of damage to crops from westerly 
winds since 1937 when the largest trees were from 14 to 16 feet in 
height. On the other hand some damage has been sustained from strong 
southerly winds, which rarely initiate soil movements. 
On the basis of studies reported elsewhere, the width of the zone 
of favorable influence on crop yields and on soil protection will widen 
as the trees continue to grow in height. In addition to the volume of 
snow trapped, and thereby prevented from blowing across the field to 
leeward, it is apparent that the movement of sudace soil is likewise 
being retarded. A very small accumulation of very fine sand and silt on 
the leeward side of the belt has been observed. 
Greater accumulation of snow occurs within a tree belt eight rows 
wide than in a three-row belt, and this greater accumulation causes more 
mechanical damage to the trees. Snow has accumulated up to a depth 
of ten feet. Snow has been deposited to the leeward side as far as 50 
feet beyond the last row of trees. Snow was not blown off the field for 
even greater distances beyond the shelterbelt. 
American elm, golden willow, silver maple, and green ash have 
made the greatest height growth of the deciduous trees. The relative 
freedom from mechanical damage in the all-conifer section indicates 
that no advantage has thus far accrued from planting a mixture of 
coniferous and deciduous trees in a shelterbelt on Plainfield sand, while 
conifers sustain some real loss in height growth and vigor. 
Black locust proved distinctly objectionable, not only because of 
the repeated or continuous infestation by the locust borer, but because 
of many suckers which spread throughout the tree belt and into the 
roadside and the open field from the parent stock. In the last respect 
Balm of Gilead proved ,less objectionable than black locust, but severe 
damage was caused by cankers, and it, too, spread from suckers. 
Apparently, it does not compete well on Plainfield sand with jack and 
Norway pine. Golden willow would apparently make an effective 
shelterbelt if it were the only tree in the belt, because of its relatively 
rapid growth and the dense formation of limbs and twigs. Siberian pea 
TABLE 2 
CULTIVATION EFFECTS ON HEIGHT, DIAMETER, AND STA ' D OF SEVERAL SPECIES IN SEcnoN A OF i\IAIN SHELTERBELT, HA 'COCK EXPERIMENT FARM 
Row No. Cultivated 
From Species Ht.• Diam.• Replace-
Wet (Feet) ( Inches ) ment 
l Black locust ..... . ... 12.8 1.8 24 
3 Chinese Elm ........ . 10.5 1.4 84 
6 Balm of Gilead ...... 9.3 0.7 3 
8 Caragana . . . . . . . . . . . . 4.9 t 17 
Mean ............... . 9.35 I. ) .. 
---
2 Jack pine ............ 15.6 3.2 49 
4 White pine . . . . . . . . . . 7.8 0.9 72 
5 Norway pine . . . . . . . . . 12,4 2.7 21 
7 
_Jack pine ............ 15.5 3.4 47 
Mean .. .... . .. . ...... I2.82 2.25 .. 
•Mean height and diameter is for surviving trees, Oct. 1, 1939. 
t Not measurable. 
(o/o) 
1 Ol Cultivated 
Per Cent Ht.• Diam.• 1 Replace- 1 Per Cent 
Stand (Feet) ( In ches) ment (o/o) Stand 
95.3 10.9 1.7 9 100.0 
87.5 5.2 0.9 107 63.6 
68.6 7.8 L.0 7 9.1 
99.l 3.9 t 15 100.0 
I . . 6.95 1 .20 .. . . 
100.0 14.2 3.6 57 100.0 
92.6 6.4 0.8 75 100.0 
99.5 I 1.9 2.2 18 100.0 
100.0 15.1 3.3 47 100.0 
I . . II.9 2.47 . . I . . 
TABLE 3 
M EAN TREE HEIGHTS ATIAINED BY OCTOBE R 1, 1939, IN SECTIO'I B, F ERTILIZER SERIES 
Mean Height• 
Row 1 Row 2 Row 3 Row 4 Row 5 Row 6 Row 7 
I 
Row 8 
Treatment Black Russian American White Norway Silver Green Caragana 
Locust Willow Elm Pine Pine Maple Ash 
(feet) (feet) (feet) (feet) (fee t) (feet) (feet) I (feet ) 
A No cultivation, no fertilization . . . .... I 1.0 8.4 3.7 8.6 12.7 2.4 3. 4.8 
B Cultivated. P- K . . ............... . .. 12.4 12.4 4.6 6.9 13.3 6.8 6.2 5.7 
c Cultiva ted. K ......... . ....... . . . .. .. 15.1 16.0 5.7 10.9 14.2 8.5 6.0 5.3 
D Cultivated. P- K- L .. . ............... . 14.6 9.2 7.2 11.4 14.3 7. 1 9.4 5.7 
E Cultivated, no fertilization ..... . . . ..... 12.6 8.5 5.3 10.4 13.6 8.5 9.8 4.4 
F Cu lti va ted. N-P-K ... .. . . . . ... ....... 14.0 13.3 7.1 1 J.9 13.5 10.8 9.2 5.5 
G Cultiva ted. 2N- P- K . . ... . . . . . . .. . . ... 12.4 10.4 7.0 8.6 14.0 9.3 9.0 5.9 
H Cultivated. N-P-2K . . . . . . .. . . . ....... 15.3 8.2 4.7 8.7 13.9 10.3 10.2 4.6 
I Cultivated. P- K. Legumes interplanted .. 16.4 7.1 6.5 10.3 14.2 8.5 9.6 5.5 
J Cultiva ted. N ..... . ........... . ...... 12.6 13.8 7.7 9.6 12.9 6.2 8.6 4.3 
•Mean height is average height of actual number of surviving trees. 
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and red cedar have not attained much height but have maintained a 
dense leaf and twig barrier. Their greatest usefulness in a shelterbelt 
is maintaining a barrier close to the ground when the lower limbs of 
the conifers die off from shading. Obviously, they should occupy outside 
rows. Although Siberian pea has formed seed profusely, none of the 
seeds have produced volunteer seedlings thus far. 
Cultivation in the early growth of all species showed marked, 
favorable influence, but was most pronounced on green ash, American 
elm, white pine and silver maple. None of the conifers were benefited 
appreciably by nitrogen, but deciduous trees were favorably affected. 
White pine gave erratic results and meager response to fertilizer 
treatments. Norway pine gave extremely slight but consistent response 
to all types of fertilizer applications. 
The important legume hays, red clover and alfalfa, in mixture with 
grass hay, normally difficult to hold in long rotations on Plainfield sand, 
survived well in the zone of influence of the shelterbelt. There are two 
possible explanations for the higher yields of hay occurring near the 
shelterbelt. The first is that the melting of accumulated snow in the 
leeward drift and under the trees increased the soil moisture supply. 
Yet it is known that sands are notably weak in their ability to retain 
water. The second and more probable explanation is that the 
accumulated snow did not melt completely until after the occurrence 
of the most damaging periods of alternate freezing and thawing weather. 
Thus the underlying clover and alfalfa suffered decreasingly less winter 
injury in the direction of approach to the shelterbelt. 
SUMMARY 
1. An experimental eight-row shelterbelt, composed of conifers 
and hardwoods, was established between 1928 and 1932 on a field of 
Plainfield sand on the Hancock Branch Station Farm, University of 
Wisconsin, College of Agriculture, to determine the rate of growth of 
trees and the length of time necessary to obtain an effective shelterbelt 
on this soil type, to compare the relative effectiveness of conifers in 
mixture with deciduous trees and conifers alone, to determine the 
value of cultivation and the use of fertilizers in stimulating rate of 
growth, and to measure the influence on crop yields of a shelterbelt 
growing on Plainfield sand. 
2. Above-average temperatures and drouth periods during growing 
seasons the first five years after planting caused high mortality in the 
initial tree plantings after 1928. 
3. Coniferous trees averaged 17 feet in height at 10 years of age, 
and at this height were effective in trapping snow on the adjacent field 
to the leeward side and in protecting soil and crops against west wind 
injury. 
4. Cultivation for the first five years after planting stimulated tree 
height growth moderately. The application of nitrogen benefited 
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deciduous trees somewhat, but aid not increase the growth rate of 
conifers. The application of potassium alone, and potassium with phos-
phorus gave only slightly more favorable growth rates than no treatment. 
5. None of the deciduous species used showed general thrift and 
dense foliage on this Plainfield sand. Black locust suffered extremely 
severe damage from the locust borer, produced vigorous suckering, and 
at the end of 15 years was removed, to prevent damage to other trees 
in the belt. 
6. Legume hays in mixture with grasses, principally timothy, 
continued thrifty where they had the benefit of a continuous blanket of 
snow deposited on the leeward side of the shelterbelt. 
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